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ABSTRACT

Background: Trataka, a type of yoga practice is considered to improve cognitive functions. The

aim of this study was to test the effect of trataka on cognitive functions of elderly.

Methods: 60 healthy elderly subjects were selected based on inclusion and exclusion criteria. The
subjects were administered MMSE and those scoring 26 and above were selected for the study
and randomly divided using randomized block design into 2 groups- Trataka and wait list control
group. Trataka was given for a period of 1 month (26 days). The subjects in both groups were
assessed on Day 1(pre and post intervention in trataka group and after quite sitting in control
group), Day 30 on digit span test, Six letter cancellation test (SLCT), and Trail making test B
(TMT B).

Results: Friedman’s Test and Wilcoxon Sign Rank Test showed that, at the 2" follow up, there
was significant improvement in digit span scores (z=-3.35, p< 0.01) in the trataka group. SLCT
scores (t =5.08, p<0.01) and TMT B scores (t= -4.26, p< 0.01) improved immediately after the
practice of Trataka (when baseline compared to 1% follow up). At 1 month follow-up, Trataka
group showed significantly better performance in the SLCT test compared to baseline (t= -3.93,
p< 0.01) and TMT B scores (t=7.09, p< 0.01). RMANOVA results also reiterated that there was
significant interaction effect at the end of one month of trataka intervention as compared to

control group on TMT-B and SLCT scores.

Conclusion: The results of this study establish that Trataka can be used as a technique to enhance

cognition in the elderly.

Keywords: Trataka, elderly, cognitive functions
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CHAPTER 1

INTRODUCTION



1.1. AGINGAND ELDERLY

Aging is a normal process in the life of all living beings. It is a multidimensional process
of physical, psychological, and social change. Some dimensions of ageing grow and
expand over time, while others decline. Reaction time, for example, may slow with age,
while knowledge of world events and wisdom may expand. Research shows that even
late in life, physical, mental, and social growth and development is possible®. Senescence
is another term for ageing. Senescence occurs both on the level of the whole organism
(organismal senescence) as well as on the level of its individual cells (cellular
senescence). After 20 and 35 years of age in humans, organismal senescence is
characterized by the declining ability to respond to stress, increasing homeostatic
imbalance and increased risk of disease. Old age consists of ages nearing or surpassing
the average life span of human beings. Terms for old people include seniors, senior
citizens, older adults, the elderly, and elders®. The age of 60 or 65, roughly equivalent to
retirement ages is said to be the beginning of old age®.

Populations around the world are rapidly ageing. According to WHO, between
2000 and 2050, the proportion of the world's population over 60 years will double from
about 11% to 22%. The absolute number of people aged 60 years and over is expected to
increase from 605 million to 2 billion over the same period®.

An analysis based on Global demographic estimates undertaken by the
‘Population Division of Department of Economic and social affairs of United Nations
(UN) Secretariat’ has provided percentage distribution by age and in different geographic
locations®. Over the last five decades, life expectancy at birth has increased globally by
almost 20 years, from 46.5 years in 1950-1955 to 66.0 years in 2000-2005. On average,
the gain in life expectancy at birth was 23.1 years in the less developed regions and 9.4
years in the more developed regions. Apart from the Eastern European countries, where
life expectancy at birth is currently, on average, lower than 69 years, the range in life
expectancy within the more developed regions is only 11 years, from 71 years in Latvia
to 82 years in Japan. Over the next 50 years global life expectancy at age 60 is expected
to increase from 18.8 years in 2000-2005 to 22.2 years in 2045-2050 (an 18 per cent
gain), from 15.3 to 18.2 years (19 per cent) at age 65 and from 7.2 to 8.8 years (22 per
cent) at age 80.


http://en.wikipedia.org/wiki/Human_body
http://en.wikipedia.org/wiki/Psychological
http://en.wikipedia.org/wiki/Stress_(biological)
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In 1950, there were 205 million persons aged 60 or over throughout the world. At
that time, only 3 countries had more than 10 million people 60 or older: China (42
million), India (20 million), and the United States of America (20 million). Fifty years
later, the number of persons aged 60 or over increased about three times to 606 million.
In 2000, the number of countries with more than 10 million people aged 60 or over
increased to 12, including 5 with more than 20 million older people: China (129 million),
India (77 million), the United States of America (46 million), Japan (30 million) and the
Russian Federation (27 million). Over the first half of the current century, the global
population 60 or over is projected to expand by more than three times to reach nearly 2
billion in 2050. By then, 33 countries are expected to have more than 10 million people
60 or over, including 5 countries with more than 50 million older people: China (437
million), India (324 million), the United States of America (107 million), Indonesia (70
million) and Brazil (58 million). Currently, the growth rate of the older population (1.9
per cent) is significantly higher than that of the total population (1.2 per cent). In the near
future, the difference between the two rates is expected to become even larger.

The decline of intellectual functions is a characteristic of old age and it is much
more rapid in those with lower intellectual capacities; those with higher intellectual
potentials lose their mental abilities much slower — that is what is termed “knowledge

crystallization™®

. A high level of intellectual abilities provides a desirable level of
spiritual potential. The people who were occupationally exposed to intense intellectual
efforts retain the intellectual abilities well into their old age. Those who stopped to be
intellectually challenged and stopped learning long before old age are thus in an

unfavorable situation’.

1.1.1. Health Problems in the Elderly

Many of the serious public health problems of the day relate to the later years of life®.
Chronic illnesses that most frequently strike in late life are now the most common forms
of illnesses. Alzheimer’s disease and related dementias, cerebrovascular disease, vision
and hearing loss, type 2 diabetes mellitus, and altered glucose metabolism, osteoporosis,
hip fracture, Parkinson’s disease, specific infections such as pneumococcal pneumonia,

constipation, incontinence, depression, social isolation are the common conditions in the



elderly population®. Cerebral metabolism and circulation have generally been regarded as
declining with advancing age; senility, regression, and rigidity are often regarded as
unavoidable concomitants of growing older®. Perceptual sensitivity is usually diminished
especially visual and auditory perceptions as a natural consequence of aging™. Aging is
the single biggest risk factor for developing cancer. Aging is known to affect immune
function, a phenomenon known as immunosenescence, which compromises the ability of
the immune system to fight infections and respond to vaccines®.

1.1.1.1. Physical problems:

Solar-induced cutaneous changes are more prevalent and profound in older persons.
Structurally the aged epidermis likely becomes thinner, the corneocytes become less
adherent to one another, and there is flattening of the dermoepidermal interface. The
number of melanocytes and Langerhans cells is decreased. The dermis becomes atrophic
and it is relatively acellular and avascular. Dermal collagen, elastin, and
glycosaminoglycans are altered. The subcutaneous tissue is diminished in some areas,
especially the face, shins, hands, and feet, while in others, particularly the abdomen in
men and the thighs in women, it is increased. Sebaceous glands tend to increase in size
but paradoxically their secretory output is lessened. The cutaneous immune and
inflammatory responses are impaired, particularly cell-mediated immunity. Clinical
correlates of these intrinsic aging changes of the skin include alopecia, pallor, xerosis, an
increased number of benign and malignant epidermal neoplasms, increased susceptibility
to blister formation, predisposition to injury of the dermis and underlying tissues, delayed
onset and resolution of blisters and wheals, persistent contact dermatitis, impaired
tanning response to ultraviolet light, increased risk for wound infections, prolongation of
therapy necessary for onychomycosis, and thermoregulatory disturbances®®. About one
third of the elder population over the age of 65 falls each year, and the risk of falls
increases proportionately with age. At 80 years, over half of seniors fall annually**. Falls
are a significant cause of morbidity and mortality among the elderly. The most common
precipitating factors include gait and balance disorders, weakness, dizziness, visual
impairment, confusion and postural hypotension®. Age-related eye diseases -- macular
degeneration, cataract, diabetic retinopathy, and glaucoma affect more than 119 million

people aged 40 and older.



1.1.1.2. Psychological problems:

The elderly are subject to acute brain syndromes caused by physical illness or drug
toxicity. The chronic brain syndromes include Alzheimer's disease, multi-infarct
dementia, and dementia from other causes. The most common functional illness in old
age is depression. Other functional psychiatric disorders common in old age are
depression, mania, late paraphrenia, and personality disorder. Most surveys have shown
that 20% of those over 80 years old suffer from a chronic organic brain syndrome®®.
Based on ECA (Epidemiologic catchment Area study) data, the most prevalent disorders
in old age are anxiety, phobia, and dysthymia (5.5%, 4.8%, and 1.8%, respectively)®'.
OCD (Obsessive compulsive disorder) and OCS (Obsessive compulsive syndrome) are
common among the elderly. Both conditions are related to depression and poorer mental
and social functioning. The one-month prevalence of OCD is 2.9%; a further 21% have
OCS. Among 70-year-olds, the prevalence of OCD is 1.3% in men and 4.5% in women.
Depression is more common among those with OCD (34.6%) than among those with
(12.7%) and without (8.0%) OCS™.

1.1.1.3. Cognitive problems:
In normal aging, decreased ability to retrieve information can cause annoying memory
lapses that do not impair the ability to perform activities of daily living™. These changes
are largely the result of declines in frontal lobe function, which is measured as executive
function (the ability to organize, plan, and focus on a topic)®. In contrast, memory loss
that impairs the ability to perform activities of daily living strongly suggests
neurodegenerative dementia. Dementia is generally defined as a progressive decline in
two or more cognitive domains that is severe enough to interfere with the performance of
everyday activities’>. The most likely causes of dementia are, in order of likelihood,
Alzheimer disease, frontotemporal dementia, and dementia with Lewy bodies?.
Age-related changes to the brain have been shown to occur earliest in the prefrontal
cortex (PFC)?. The PFC has been associated with memory, attention, executive function
and emotion, as well as playing a role in a variety of other complex cognitive functions®*
25 26 \Memories for perceptual, spatial, and temporal source are affected by aging. It has

been well established that working memory abilities decrease with advancing age;



however, the specific time point in the adult life span at which this deficit begins and the

rate at which it advances are still controversial?’

. Discrimination in the visuospatial tasks
starts to decline earlier in women than in men; however, discrimination is equal between
the sexes in the verbal tasks. Visuospatial memory show more pronounced decline than
the verbal domain. Referencing the self is known to enhance accurate memory, but adults
are more prone to false memories, particularly for information that is strongly related to
the self?®. An Associative Deficit hypothesis attributes a substantial part of older adults'
deficient memory performance to their difficulty in merging unrelated attributes-units of
an episode into a cohesive unit. Although each of the components can be memorized to a
reasonable degree, the associations that tie the attributes-units to each other grow weaker
in old age®®. Memory decline in aging, results from multiple factors that influence both
executive function and the medial temporal lobe memory system. In advanced aging,
frontal-striatal systems are preferentially vulnerable to white matter change, atrophy, and
certain forms of neurotransmitter depletion.

Research findings have supported the view that executive cognitive functions,
which are relevant for the control of goal-oriented actions and adaptive behaviors, are
strongly impaired by aging®* *2. Different components of executive function such as
working memory, attention, and cognitive flexibility can be dissociated behaviorally and
mechanistically®®. Change in frontal-striatal circuits is the most likely significant cause of
reduced executive function in non-demented older adults®*. Reduced executive function
influences memory because acts of remembering often rely on controlled processing,
such as strategic elaboration during memorization and guiding search at retrieval.
Remembering source information and temporal details of past episodes appears to be
particularly dependent on executive processes that are disrupted in aging * * . Age-
related degradation in anterior brain areas is associated with decreased processing speed
and poorer working memory, whereas reduced inhibition and greater task switching costs
are linked to decline in posterior areas. Executive functions that require at least some
memory support, i.e., working memory span or capacity, is linked to the middle cerebral
white matter integrity. Other executive functions that require little memory support but
are focused on response selection and inhibition as well as management of conflicting

task demands shows no temporal lobe involvement and is correlated with the integrity of



posterior brain regions®.

Frontal-striatal change may underlie mild memory difficulties in aging that are
most apparent on tasks demanding high levels of attention®*. Leukoaraiosis (white matter
changes) could be the reason of some of the intellectual impairment in the elderly,
especially that of slowing of distinct motor and attentional functions, as well as slowing
of mental processing.

Let us now understand the process of cognition and look at each of the cognitive

processes in detail.

1.2.  COGNITION refers to the mental process by which external or internal input is
transformed, reduced, elaborated, stored, recovered, and used. As such, it involves a
variety of functions such as perception, attention, memory coding, retention, and recall,
decision making, reasoning, problem-solving, imaging, planning and executing actions*’.

The varied processes under cognition are:

1.2.1. Memory:

The term memory implies the capacity to encode, store, and retrieve information®.
Otherwise it’s also referred to the process of recalling a specific experience or the total
recollection of the remembered experiences stored in an individual's brain®.

Stages in the formation and retrieval of memory:

o Encoding or registration: receiving, processing and combining of received
information

o Storage: creation of a permanent record of the encoded information

o Retrieval, recall or recollection: calling back the stored information in response to

some cue for use in a process or activity.
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Fig 1.1 Flowchart depicting memory storage and retrieval

Types of memory:
Atkinson and Shiffrin (1968) have described three distinct memory systems that allow an

individual to process store and recall information.

o Sensory memory: Sensory memory holds sensory information for a few seconds
or less after an item is perceived. The ability to look at an item, and remember what it
looked like with just a second of observation, or memorization, is an example of sensory
memory. There are three types of sensory memories. lconic memory is a fast decaying
store of visual information, a type of sensory memory that briefly stores an image which
has been perceived for a small duration. Echoic memory is a fast decaying store of
auditory information, another type of sensory memory that briefly stores sounds which
has been perceived for a small duration. Haptic memory is a type of sensory memory that
represents a database for touch stimuli. Itching and pain are a form of haptic memory.

o Short term memory: Short-term memory allows recall for a period of several

seconds to a minute without rehearsal. Its capacity is also very limited typically of the
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order of 4-5 items( Cowan, N. (2001). Short-term memory is believed to rely mostly on
an acoustic code for storing information, and to a lesser extent a visual code. Working
memory is a form of STM that allows us to hold an idea in mind long enough to carry out
an action such as calling a telephone number we just looked up, working out the steps of
a mathematics problem, or searching for a lost set of keys while remembering where we
have already looked. These short-term memory tasks may be carried out by reverberating
circuits of neurons.

o Long-term memory: long-term memory can store much larger quantities of

information for potentially unlimited duration (sometimes a whole lifespan). While short-
term memory encodes information acoustically, long-term memory encodes it
semantically. Another part of long-term memory is episodic memory "which attempts to
capture information such as “what”, “when” and “where”. With episodic memory
individuals are able to recall specific events such as birthday parties and weddings.

There are two forms of long-term memory—declarative and procedural. Declarative
memory is the retention of events and facts that you can put into words—numbers,
names, dates, and so forth. Procedural memory is the retention of motor skills—how to

tie your shoes, play a musical instrument, or type on a keyboard.

Classification by information type

o Topographic memory involves the ability to orient oneself in space, to recognize

and follow an itinerary, or to recognize familiar places. Getting lost when traveling alone
is an example of the failure of topographic memory.

. Flashbulb memories are clear episodic memories of unique and highly emotional

events.

Classification by temporal direction

A further major way to distinguish different memory functions is whether the content to
be remembered is in the past, retrospective memory, or whether the content is to be
remembered in the future, prospective memory. Retrospective memory as a category
includes semantic, episodic and autobiographical memory. Prospective memory is

memory for future intentions, or remembering to remember. Prospective memory can be
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further broken down into event- and time-based prospective remembering. Time-based
prospective memories are triggered by a time-cue, such as going to the doctor (action) at
4pm (cue). Event-based prospective memories are intentions triggered by cues, such as
remembering to post a letter (action) after seeing a mailbox (cue).

Consolidation of Memory

For short-term memory to be converted into long-term memory that can be recalled
weeks or years later, it must become “consolidated.” That is, the short-term memory if
activated repeatedly will initiate chemical, physical, and anatomical changes in the
synapses that are responsible for the long-term type of memory. This process requires 5 to
10 minutes for minimal consolidation and 1 hour or more for strong consolidation brain
concussion, sudden application of deep general anesthesia, or any other effect that

temporarily blocks the dynamic function of the brain can prevent consolidation.

Memory—Roles of Synaptic Facilitation and Synaptic Inhibition

Physiologically, memories are stored in the brain by changing the basic sensitivity of
synaptic transmission between neurons as a result of previous neural activity. The new or
facilitated pathways are called memory traces. They are important because once the
traces are established; they can be selectively activated by the thinking mind to reproduce
the memories. Most memory that we associate with intellectual processes is based on
memory traces in the cerebral cortex.

The brain has the capability to learn to ignore information that is of no consequence. This
results from inhibition of the synaptic pathways for this type of information; the resulting
effect is called habituation. This is a type of negative memory. Conversely, for incoming
information that causes important consequences such as pain or pleasure, the brain has a
different automatic capability of enhancing and storing the memory traces. This is
positive memory. It results from facilitation of the synaptic pathways, and the process is

called memory sensitization.

Role of Specific Parts of the Brain in the Memory Process

Hippocampus-The hippocampus is the most medial portion of the temporal lobe cortex.

10



The two hippocampi have been removed for the treatment of epilepsy in a few patients.
After removal, these people have virtually no capability thereafter for storing verbal and
symbolic types of memories (declarative types of memory) in long-term memory, or even
in intermediate memory lasting longer than a few minutes. Therefore, these people are
unable to establish new long-term memories of those types of information that are the
basis of intelligence. This is called anterograde amnesia. The hippocampi especially and
to a lesser degree the dorsomedial nuclei of the thalamus, another limbic structure, have
proved especially important in making the decision about which of our thoughts are
important enough on a basis of reward or punishment to be worthy of memory. In some
people who have hippocampal lesions, some degree of retrograde amnesia occurs along
with anterograde amnesia, which suggests that these two types of amnesia are at least
partially related and that hippocampal lesions can cause both. The hippocampus is also
important for memory consolidation.

o Thalamus-Damage in some thalamic areas may lead specifically to retrograde
amnesia without causing significant anterograde amnesia. A possible explanation of this
is that the thalamus may play a role in helping the person “search” the memory

storehouses and thus “read out” the memories.

. Cerebral cortex-Long-term memories are stored in various areas of cerebral
cortex.
o Temporal lobe-Our vocabulary and memory of faces and familiar objects, for

example, are stored in the superior temporal lobe. Recent functional imaging studies
detected working memory signals in both medial temporal lobe (MTL), a brain area
strongly associated with long-term memory, and prefrontal cortex™, suggesting a strong

relationship between working memory and long-term memory.

. Prefrontal cortex-memories of our plans and social roles are stored in the
prefrontal cortex. the substantially more working memory signals seen in the prefrontal

lobe suggest that this area play a more important role in working memory than MTL.

o Cerebellum-has a role in learning motor skills.
o Amygdala- the more emotionally charged an event or experience is, the better it is

remembered; this phenomenon is known as the memory enhancement effect. Patients

with amygdala damage, however, do not show a memory enhancement effect. It is well

11
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established that electrical stimulation of the amygdala modulates memory storage and
that the effect is influenced by adrenal hormones. In animals, infusions of [-adrenergic
and glucocorticoid antagonists into the amygdala impair memory, whereas infusions of 3-
adrenergic agonists (e.g., norepinephrine) and glucocorticoid receptor agonists into the
amygdala after training enhance memory. However, it is also clear from the findings of

many studies that the amygdala is not the neural locus of long-term memory.

1.2.2. Attention

Attention is the cognitive process of selectively concentrating on one aspect of the
environment while ignoring other things. Attention has also been referred to as the
allocation of processing resources®.

Exogenous-endogenous attention

The first aspect of how our minds come to attend to items present in the environment is
called bottom-up processing, also known as stimulus-driven attention or exogenous
attention. These describe attentional processing which is driven by the properties of the
objects themselves. Some processes, such as motion or a sudden loud noise, can attract
our attention in a pre-conscious, or non-volitional way. We attend to them whether we
want to or not. These aspects of attention are thought to involve parietal and temporal
cortices, as well as the brainstem.

The second aspect is called top-down processing, also known as goal-driven, endogenous
attention, attentional control or executive attention. This aspect of our attentional
orienting is under the control of the person who is attending. It is mediated primarily by
the frontal cortex and basal ganglia as one of the executive functions. Research has
shown that it is related to other aspects of the executive functions, such as working

memory and conflict resolution and inhibition.

Overt and covert attention

Overt attention is the act of directing sense organs towards a stimulus source. Covert
attention is the act of mentally focusing on one of several possible sensory stimuli.
Covert attention is thought to be a neural process that enhances the signal from a

particular part of the sensory panorama. (e.g. While reading, shifting overt attention
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would amount to movement of eyes to read different words, but covert attention shift
would occur when you shift your focus from semantic processing of a word to the font or

color of the word you are reading.

Clinical model of attention

This hierarchic model is based in the recovering of attention processes of brain damage
patients after coma. Five different kinds of activities of growing difficulty are described
in the model; connecting with the activities those patients could do as their recovering

process advanced.

. Focused attention: The ability to respond discretely to specific visual, auditory or
tactile stimuli.
. Sustained attention (vigilance): The ability to maintain a consistent behavioral

response during continuous and repetitive activity.

. Selective attention: The ability to maintain a behavioral or cognitive set in the

face of distracting or competing stimuli. Therefore it incorporates the notion of "freedom
from distractibility.”

. Alternating attention: The ability of mental flexibility that allows individuals to

shift their focus of attention and move between tasks having different cognitive
requirements.

. Divided attention: This is the highest level of attention and it refers to the ability

to respond simultaneously to multiple tasks or multiple task demands.
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|
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(E.g. (E.g. Variable TASK TASK (E.g. Effects
shadowing beam SIMILARITY DIFFICULTY on
fate of spotlight; fate automaticity
unattended of unattended
stimuli) stimuli)

Fig 1.2 Flowchart showing different topics in attention and its relation to

each other

Focused attention is studied by presenting people with two or more stimulus at the same
time and instructing them to process and respond to only one. Work on focus attention
can tell us how effectively people can select certain inputs rather than others and it
enables us to investigate the nature of the selection process and fate of the unattended
stimuli. Divided attention is also studied by presenting at least two stimulus inputs at the
same time but with the instructions that the entire stimulus inputs must be attended to and
responded to. Studies of divided attention provide information about individuals
processing limitations, and may tell us something about attentional mechanisms and their
capacity.

When a person is confronted with two stimuli at a time, one of them is attended and the
other is ignored (shadowed). The shadowed stimuli have practically no stored memory;
for e.g. in case of auditory stimuli, the unattended words even though they might be
presented several times to the person, remains ignored. It has been argued that focused
visual attention is rather like a spotlight: everything within a relatively small area can be

seen clearly but it is much more difficult to see anything not falling within the beam of
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the spotlight. According to the zoom lens model, there is an attentional spotlight, but this
spotlight has an adjustable beam so that the area covered by the beam can be increased or
decreased.

Task similarity-Pairs of activities that are performed well together in everyday life,
usually involve rather two dissimilar activities. Two tasks interfere to the extent that they
have the same stimulus modality (e.g. visual or auditory), make use of same stages of
processing (input, internal processing and output) and rely on related memory codes (e.qg.
verbal or visual). Response similarity is also important.

The ability to perform two tasks together undoubtedly depends upon their difficulty (Task
difficulty). One of the key phenomenon in the studies of divided attention is the dramatic
improvement that the practice has on performance. The commonest explanation for this is
that some processing activities become automatic as a result of prolonged practice.
Automatic processes do not reduce the capacity for performing other tasks (i.e. they
demand zero attention). They are fast, unavailable to the consciousness and are

unavoidable (when an appropriate stimulus is presented).

1.2.3. Executive functions:
The term ‘executive functions’ refers to those abilities that enable a person to determine
goals, formulate new and useful ways of achieving them, and then follow and adapt this
proposed course in the face of competing demands and changing circumstances, often
over long periods of time.

Executive functions is an umbrella term for cognitive processes that regulate,
control, and manage other cognitive processes*, such as planning, working memory,
attention, problem solving, verbal reasoning, inhibition, mental flexibility, task

switching®’, and initiation and monitoring of actions®.

Neuroanatomy

The frontal lobes need to participate in basically all of the executive functions, but it is
not the only brain structure involved. Neuroimaging and lesion studies have identified the
functions which are most often associated with the particular regions of the prefrontal

cortex.
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. The dorsolateral prefrontal cortex (DLPFC) is involved with "on-line™ processing
of information such as integrating different dimensions of cognition and behaviour. As
such, this area has been found to be associated with verbal and design fluency, ability to
maintain and shift set, planning, response inhibition, working memory, organisational
skills, reasoning, problem solving and abstract thinking.

. The anterior cingulate cortex (ACC) is involved in emotional drives, experience
and integration. Associated cognitive functions include inhibition of inappropriate
responses, decision making and motivated behaviors. Lesions in this area can lead to low
drive states such as apathy, abulia or akinetic mutism and may also result in low drive
states for such basic needs as food or drink and possibly decreased interest in social or
vocational activities and sex.

. The orbitofrontal cortex (OFC) plays a key role in impulse control, maintenance
of set, monitoring ongoing behavior and socially appropriate behaviors. The orbitofrontal
cortex also has roles in representing the value of rewards based on sensory stimuli and
evaluating subjective emotional experiences. Lesions can cause disinhibition, impulsivity,

aggressive outbursts, sexual promiscuity and antisocial behavior.

Development
Executive functions, mature at different rates over time. Some abilities peak in late
childhood or adolescence while others progress into early adulthood.

e Early childhood: Inhibitory control and working memory are among the earliest

executive functions to appear, with initial signs observed in infants, 7 to 12-months
old. Then in the preschool years, children display a spurt in performance on tasks of
inhibition and working memory, usually between the ages of 3 to 5 years. Also during
this time, cognitive flexibility, goal-directed behavior, and planning begin to develop.

e Preadolescence: During preadolescence, children display major increases in verbal

working memory goal-directed behavior (with a potential spurt around 12 years of
age); response inhibition and selective attention; and strategic planning and
organizational skills. Additionally, between the ages of 8 to 10, cognitive flexibility in
particular begins to match adult levels.

e Adolescence: During adolescence the different brain systems become better
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integrated. At this time, youth implement executive functions, such as inhibitory
control, more efficiently and effectively and improve throughout this time period. Just
as inhibitory control emerges in childhood and improves over time, planning and
goal-directed behavior also demonstrate an extended time course with ongoing
growth over adolescence .Likewise, functions such as attention control, with a
potential spurt at age 15, along with working memory, continue developing at this
stage.

e Elderly: During old age, working memory and cognitive flexibility can be dissociated
behaviorally and mechanistically. Cognitive flexibility (shifting between multiple
tasks or mental sets), behavioral inhibition (suppression of dominant and automatic
responses when necessary), and updating of working memory (substitution of old
information by new more relevant information in working memory), all these three

executive functions are constantly impaired in older people®.

1.3. TREATMENT OPTIONS FOR VARIOUS COGNITIVE PROBLEMS OF
ELDERLY:
There are varied treatment options for cognitive impairment in the elderly. We have detail

a few in the coming paragraphs.

1.3.1. Drug treatment

At present, no established treatment exists for cognitive impairment. However, donepezil
has been found to delay the progression to Alzheimer’s in Mild Cognitive Impairment
(MCI) patients with depression without affecting their symptoms of depression®. There
is some evidence to suggest that cognitive interventions may have a positive effect>’.
1.3.2. Diet

Roberts et al found that the risk of developing mild cognitive impairment (MCI) is lower
in individuals who consume a Mediterranean diet, which is high in vegetables and
unsaturated fats®’. A randomized, double-blind, placebo-controlled trial involving 25
elderly subjects with MCI determined that dietary supplementation with an oily emulsion
of docosahexaenoic acid (DHA)-phospholipids containing melatonin and tryptophan

yielded significant improvements in several measures of cognitive function as compared
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with supplementation with the placebo®. In a two-year randomized trial of 168 people
with MCI given either high-dose vitamins or placebo, vitamins cut the rate of brain
shrinkage by up to half. The vitamins were the three B vitamins folic acid, vitamin B6,
and vitamin B12, which inhibit production of the amino acid homocysteine, high levels
of which are associated with cognitive decline®.

1.3.3. Activity

Many experts have suggested that mentally challenging activities (eg, crossword puzzles
and brain teasers) may be helpful for patients with MCI. Such exercises should be kept to
a level of difficulty that is reasonable for the patient. Ideally, they should be interactive
rather than passive, and they should be administered in a fashion that does not cause
excessive frustration. If an activity is not enjoyable or stimulating for the patient, it is
unlikely to offer much cognitive benefit. In such cases, searching for other similar
cognitive activities may be beneficial. Social isolation can be minimized through referral
to senior community centers or a day treatment program. Cognitive retraining and
rehabilitative strategies offer considerable promise in MCI>. Physical Activity (PA),
aimed at improving cardiorespiratory health, has been proposed to be a good, practical,
and powerful candidate to overcome cerebral and behavioral declines®. In recent years,
using various methodologies, several studies have shown that older adults who maintain a
physically active way of life by participating in regular PA or chronic exercise outperform

their sedentary counterparts in cognitive performance, exhibit higher brain plasticity®’ *®

and are more efficiently protected against neurological diseases and dementia®® .

1.3.4. Tai chi

In a 10-week interventional study, researchers found that participants in the experiment
group who practiced Tai Chi during the study had significant improvement in executive
function based on their performance in Trail making B Test and Clock Drawing Test®. In
a cross-sectional study, it was seen that among 42 older adults, based on their scores of
color trail test A and B, MB exercise practitioners had better attention than their
counterparts who did not practice MB exercise®®. In a cross-sectional study, memory
function was compared between MB exercise practitioners who were older adults and
older adults without regular exercise habit®®. Based on participant’s score of The Hong

Kong List Learning Test, they found a strong association between MB exercise practice
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and better memory function.

1.3.5. Yoga

Yoga is a state of complete absorption, union (Yoga stithi) with absolute Reality i.e.,
Universal Consciousness. The word Yoga comes from the Sasmiskrt root word ‘yuj” which
means integration, or a meeting with the true Self®*. Yoga is also an art of living and a
systematic process to reach the state of moksa, endowed with perfect silence, knowledge,
power and bliss®®. Yoga is both, the goal as well as the means to achieve a state of perfect
harmony.

Yoga has considered internal purification of the human body in depth. The
Cleansing Processes have been planned with a view to have total purification of the body.
There are three humours in the body: Kapha ‘mucus’, Pitta ‘bile’ and Vata ‘wind’. In
Yoga and ayurveda they are called Tridosa. A balanced proportion of these three
facilitates body functions, but if there is an excess of one and a shortage of another,
ailments develop due to overheating or not enough heat in the body. Before commencing
Pranayama, any imbalance in the dosa’s should be removed, gas in the stomach and
intestines eliminated, etc. in Hara Yoga there are six particular practices which were
specifically designed for this purpose. They are called Sarakarma. These techniques

regulate the production of the dosa.

Sarakarmas

Sarakarma is a compound word consisting of two components: Safa meaning 'six' and
karma meaning ‘art' or 'process'. The word kriya or karma is used in Hara Yoga regarding
the techniques of cleaning. Sazakarma is a Sarmskyt word that refers to the Yogi ¢ practices
involving purification of the body. These practices, outlined by Yogi svatmaram in the
Hara Yoga Pradipika, include Neti, Dhauti, Nauli, Basti, Tratak, Kapalabhati.

Sarakarma according to hara yoga pradipika:

AGRASHITI: JF TeHATOT FATRE|

3TE] AT cdTieT GISTUTT FHTI: (12 1|

medaslesmadhikah pdrva satkarmani samacareta |
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anyastu nacarettani dosanam sambhavatah ||21||

Meaning: When fat or mucus is excessive, Sarakarma: the six cleansing techniques
should be practiced before (Pranayama). Others, in whom the dosas, i.e. phlegm, wind
and bile, are balanced, should not do them.

gifaafaeaar afasarees sifern au
FHUTAHTTARYATA YT HATTOT TAGTA NI

dhautirbastistatha netistratakam naulikarn tatha |
kapalabhatiscetani sat karmani pracaksate ||22||
Meaning: Neti, Dhauti, Nauli, Basti, Traraka, and Kapalabhati; these are known as

Sarakarma or the six cleansing processes.

HHYCHIAG INTT TeRATETTh R |

Ao gead Afaged: 123
karmasatkamidam gopyam ghatasodhanakarakam |
vicitragunasamdhayi pajyate yogi puarngavaiah ||23||

Meaning: These Sarakarma which effect purification of the body are secret. They have

manifold, wondrous results and ate held in high esteem by eminent yogr s.

Sarakarma according to gheraritda sarhita:

eifaefEaraar afasifadr e Ta
FUTATTARTATT YChHATOT TaeT 11 ¢RI

dhautirbastistatha netilaurliki tratakam tatha |
kapalabhatiscaitani satkarmani pracaksate ||12||
Meaning: The six purificatory processes are: Neti, Dhauti, Nauli, Basti, Traraka, and

Kapalabhati.
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1.3.5.1. Trataka:

Trataka according to gherarda sarithita:

AN AYRH Tercar FerAeIH HAREA|
ITaeH Idfc qMesh Tedd g2 (193]
TIHSITHININA MEHA ST YA |

AR faeeaied fGeagite: gemad syl

nimesonmesakam tyaktva siaksmalaksyam niriksayet |

yavadasruna patati trafakam procyate budhaiah ||53]|

evarabhyasayogena sambhavi jayate dhruvam |

netraroga vinasSyanti divyadrustiah prajayate ||54||

Meaning: Gaze steadily without winking at any small objects, until tears begin to flow.
By practicing this, sambhavi siddhis are obtained; and certainly all diseases of eye are

destroyed and clairvoyance is obtained.

Trataka according to hara yoga pradipika:

AReETTeTge FerAaeaH FAled:|

IHFITT AT Ceha T 132

niriksenniscaladru$a siksmalaksyam samahitah |
asrusampataparyantamacaryaistratakam smrutam ||31]]
Meaning: Looking intently with an unwavering gage at a small point until tears are shed

is known as Trataka by the Acaryas.

ArTeTd ] AU TegIGIATH HUTChHH |
Yo ddEATChHH INTTH TAT gIehUchHA (I3l

mocanam netraroganam tandradinam kapatakam |

yantatastratakam gopyam yatha hatakapetakam ||32 ||

Meaning: Trataka eradicates all eye diseases, fatigue and sloth and closes the doorway
creating these problems. It should be carefully kept secret like a golden casket. Other
meaning: Being calm, one should gaze steadily at a small mark, till eyes are filled with
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tears. This is called Traraka by Acarya. Trataka destroys the eye diseases and removes

sloth, etc. It should be kept secret very carefully, like a box of jewellery.

In hararatnavali text yogr Srinivasa has explained asrakarmas (eight purificatory

procedures)®®.

Trataka according to hataratnavali :

BIEGIELIGGIGEGEISEIRI
NesT ATARHATed: HATTITSE YTeTd (19|

cakrirnaulirdhauti rneti basti rgajakarinr
trofanarn mastakabhrantih karmanyastau pracaksate ||25||
The eight Karmas (purificatory processes) are chakri, nauli, dhauti, neti, basti, Gajakarni,

trataka and mastak bhranti.

HATSCHAG, N TCETTh R |

FEIRNT gFaeT gmu’?q g«i T |IW]]

karmastakamidam gopyam ghatasodhanakarakam |

kasyacinnaiva vaktavyari kulastri suratam yatha ||

The eight karmas are to be kept secret, as they are effective in cleansing the body
(ghara).These should not be disclosed to anybody, like a noble woman who would not

disclose her sexual pleasures to anybody.

37T Fceh

fo e feerereen geaA«ed qATR: |

3EFTTded ArETes THAH (ISRl

atha trotakam
niriksya niscaladrusa suksmalaksyam samahitah |

asrusampataparyanta macaryaistrotakarm smrtam ||52||
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One should constantly gaze at a very minute object, remaining one-pointed, until tears

roll down. According to the adepts this is Traraka.

BRI AN deATEIAT HaTChHA ||
TFcATAICH TN TYRewd Fueah 193]

sfofanam netraroganam tantradinam kavatakam ||

prayatnatrofanam gopyam yatharatnarn supefakam ||53||

This technique removes eye diseases, drowsiness and the like. Therefore, it should be
carefully guarded like a casket of jewels.

Note: The technique described in sazakarma samgraha requires the bija mantra vam and

glam to be accompanied during this process for the manifestation of the inner light.

QeI FHIATATAT A faAeeT HHAUTIER |

Sodhanam karyamajnayam netitrotana karmana ||64||

Ajia chakra is purified by neti and #raraka karma.

Trataka is one of the most direct, simple and effective technique for attaining concentra-
tion of mind®’. It is a method of focusing the eyes, and in turn the mind, on one point to
the exclusion of all else. The object can be either external, in which case the practice is
called bahirah traraka (outer gazing) or internal , in which case the practice is called an-
taras trataka (inner gazing). Through this method all the attention and power of the
mind is channeled into one continuous stream, allowing the latent potential to arise spon-
taneously.

Trataka forms a bridge between hata Yoga and raja Yoga. When you practice until the
tears roll down then it is a part of hasa Yoga, but when you practice with inner visualiza-
tion then it is part of ra@ja Yoga. Through the practice of taraka one can develop the abil-
ity to focus the mind at any time. This is necessary in the higher practices of Yoga.
Patarijali’s Yoga sutras declare that even in the highest state of Samadhi or meditation,
there are certain impressions, ideas or experiences which remain in our consciousness.

Those ideas and impressions can also be experienced in the state of Samadhi, and thus
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they disturb the concentration of mind. These deep impressions or ideas are known as
pratyaya. When the mind has not been taught to concentrate, and meditation has been
practiced only superficially, then in deep meditation states the pull or attraction of these
pratyaya is very powerful, because there is no means of balance. Therefore the ability
that is gained through the zraraka becomes useful at that moment. When the visual dis-
traction is stopped, we are able to experience a frame of mind that is quiet like a still
pond or lake. The different forms of #raraka also help to channel or focus the pranaic en-
ergies.

Physiological and mental functions

Physiologically trataka relieves eye ailments such as eye strain and headache, myopia,
astigmatism and even early stages of cataract. The eyes become clear and bright, able to
see reality beyond appearences. Trataka benefits not only the eyes, but a whole range of
physiological and mental functions. It is therapeutic in depression, insomnia, allergy,
anxiety and postural problems. Its most important effect is on ajiia chakra and the brain.
Traraka unlocks the inherent energy of the mind and channelizes it in the dormant areas
of consciousness. Further results of one-pointedness of mind are strong will power, im-
proved memory and concentration.

Trataka is a process of concentrating the mind and curbing its oscillating tendencies. The
purpose is to make the mind completely one-pointed and to arouse inner vision. One-
pointed concentration of mind is called ekagrata. There are numerous distractions which
obstruct ekagrata. In fact, distraction only occurs when the senses are tuned to the exter-
nal world, which means an energy leakage is occurring. Association and identification
through the eyes are major contributing factors to this leakage.

Furthermore, the eyes constantly move either in large movements-saccades, or tremors-
nystagmus. Even when the eyes are focused on an external object, the view perceived is
always fluctuating because of these spontaneous movements. When the same object is
constantly seen, the brain becomes accustomed or habituated and soon stops registering
that object. Habituation coincides with an increase of alpha waves indicating diminished
visual attention to the external world. When alpha waves are produced, particular areas of

the brain cease functioning.
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When the awareness is restricted to one unchanging sensory stimulus, like touch or
sound, the mind is turned off. Complete absorption in a single perception induces with-
drawal of contact with the external world. In #raraka the result is blanking out of visual
perception and in the wake of this suspension, the central nervous system begins to func-
tion in isolation. This experience is known by yogt s as susumna awakening. When the
brain is isolated from the sense modalities and the associated mental processes, ideas,
memories, etc. triggered by these thought impressions, the spiritual consciousness emerg-
es. The higher mind, liberated from time and space, is experienced. Susumna is awak-
ened.
Modes of practice
Traraka consists of five different modes of practice:

e Bahya drsti (outer trataka)

e Bahya-antarah drsti (outer and inner trataka combined)

e Antarak drsti (inner trataka)

e Sunya drsti (gazing into the void)

e Nirantar drszi (continuous gazing)
In outer frataka, or external gazing, the eyes remain open and focused on any steady ob-
ject. Techniques of outer traraka include agocari mudra (nose tip gazing) and sambhavi
mudra (eyebrow centre gazing). This form of zraraka can also be practiced by focusing
the gaze on objects such as the flame of the candle, a dot, the rising sun and so on. By
steadying the eyes in this manner you are automatically concentrating the mind.
When outer and inner traraka are combined, first you gaze at an external point or object
for some time, then you close your eyes and gaze at the after image or inner reflection of
the same object. Any object can be used for concentration. A luminous object such as a
candle flame is often used by the beginners because the brightness attracts the eyes and
holds the gaze. It also imprints a clear image on the retina of the eye which can be seen
clearly when the eyes are closed. The inner image becomes the object of concentration
during antara’ trataka. In inner traraka awareness is focused only on an internal image,
therefore this practice is more difficult than outer traraka alone or outer and inner trataka

combined.
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Gazing into the void should be practised after internal sraraka has been mastered. This
practice is also known as sunya drsfi. Sunya means the “void’ or ‘formless state’. It is not
cidakasa. In sunya there is no object of awareness. This form of #raraka is to be done
with the eyes open, gazing at nothingness. It takes a long time to get into this state. Your
eyes are open, but you are unable to see anything because the mind has become introvert-
ed. After some time the eyes become dim. They are half open and you can see nothing.
Continuous gazing is looking at any point without blinking the eyes for hours together.
Objects of awareness

The object should be something which naturally attracts your attention and holds your
gaze. You must decide what is most suitable for yourself. To give you an idea, we have
given a list of commonly used objects: candle flame, sivalimga, cross, nose tip, Om sym-
bol, eyebrow centre, sky, another person’s eyes, water, yin yang symbol, isfa, devata,
yantra or mamdala, flower, one’s own shadow. Black dot, darkness, rising sun, reflection
in a mirror, moon, crystal, star, sunya, reflection of sun or moon in clear water.
Multi-purpose practice

Trataka develops the power of concentration as the conscious energy is directed toward
one point of attention. The practice automatically leads to meditation. There are also
many methods of traraka by which different purposes can be achieved. If you want to
practice traraka for the purpose of telepathic communication, there is one method. If you
want to practice in order to influence the minds of others, there is another method. If you
wish to practice in order to improve your eyesight, then the method will differ again. In
order to obtain different results, different methods are followed. There is a particular
practice called chaya upasana (shadow gazing), concerned with reading the aura and ob-
taining knowledge of the exact time of death. Any imminent danger can be foretold.
Trataka is the main component of this practice. Traraka also awakens the faculties of
clairvoyance, telepathy and telekinesis. A person can be summoned by using the method
of trataka on the psychic eye. The psychic language which is spoken by the eyes compels
the other person to come. There are certain forms of sraraka used to detect the wherea-
bouts of lost or stolen articles, and to find the thief. Healing can also be done through

trataka.
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Guidelines
Trataka can be done any time, but it is more effective, when practiced on an empty stom-
ach. The most suitable time is between four and six in the morning. It should be done in
absolute silence, without a fan. If you want to delve deeper into the mind, #raraka should
be practiced late at night before going to bed and before japa or meditation. If there is an
uncontrollable flow of thoughts during the practice of #raraka, mantra japa can be added
at the same time.

Trataka is a heat producing practice. Therefore, it should be done after bathing, when you
are feeling fresh. If you practice surya namaskar before trataka, the body becomes heat-
ed and at the time of traraka you will feel discomfort. Try to keep your body cool before
the practice. If you go into meditation after the practice of #raraka, the body will again
become cool and refreshed. If you practice #rataka on rising sun, you must never look at
the sun directly. This harmful to the eyes and may cause cataracts. Gaze upon the sun’s
reflection on clear water. When the reflection is disturbed by heavy wind or storm, then
you should not practice this form of zraraka.

Always practice trataka on steady object, never on a moving object. Be careful if practic-
ing trataka on metal, there may be reaction on the eyes.

Trataka must be practiced in the steadiest possible posture. Although it can be done sit-
ting in a chair or in sukhdasana, it is far better to practice it in siddhasana or padmdasana.
Once the practice begins there should be absolutely no movement of the body.

In both the external and internal forms of #raraka, the eyes should not blink or move in
any way. Stillness of the eyeballs and eyelids is essential in order to attain clarity of the
inner image. If the eyes feel strained, imagine that you are breathing through the mid-
eyebrow Centre to and from gjria chakra. If the mind wanders or starts to think about the
other things, you should bring it back to the object of concentration.

If you are using a candle flame, there should be no other light. If you are using a black
dot or any other object, there should be a good light. Crystal gazing is done in dim light.
Trataka on a candle flame must be practiced in a room without a fan, where there is no
breeze. The candle flame should not flicker. The candle should be placed on a firm stand

at eye level, about an arm’s length away. Traraka on any object should be practiced with-
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out the eyeglasses or contact lenses. If you have defective vision, position the object so
that you do not see double or the object is not blurred.

To have control over the visual sensory perceptions and to channel the impressions
received through them is the aim of raraka, control over the aspect of form, the
awareness of form. Traraka is a way of achieving optimum concentration of awareness
and mind. Changes take place at the level of gjiia chakra (Bodha, enlightenment, mental
awakening, take place at the level of gjiia chakra). Through the practice of zraraka one
can develop the ability to focus the mind at any time®. This practice is thus believed to

improve attention, memory and develop intense concentration®.

In this context, as Yoga and especially zraraka is seen to be beneficial (according to
classical texts in improving cognition; and elderly are known to experience cognitive
deficits - we decided to undertake this study to assess the effect of #araka on cognitive
functions of the elderly. For this we shall first look the available literature in this area in

the next chapter titled, ‘Review of Literature’.
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CHAPTER 2
REVIEW OF
LITERATURE



2.1. PROCESS OF REVIEW

The objective of this systematic review is to assess the effectiveness of Yoga as a preven-
tive measure for cognitive decline. For this purpose, we have searched three data bases
(PubMed, Cochrane Reviews and Google Scholar) for peer-reviewed articles that have
been published in indexed journals in the last one decade (2001 — 2013).We could not
find any article related to the topic in Cochrane. We came across two types of studies: 1)
review studies, 2) intervention studies. In the following pages, we shall first summarize
the main findings of the Yoga studies on cognition in healthy subjects and review studies
of Yoga on cognition in the elderly, before going on to a tabular presentation of the Inter-

vention studies on elderly subjects.

2.2. STUDIES ON YOGA
There are many studies which have looked at the effect of Yoga on cognitive functions in
the healthy subjects.

e Breathing and cognition

In a study, spatial memory was seen to improve immediately after left nostril breath-
ing. Spatial memory which is considered hemisphere specific, improved correspond-
ing to the cerebral hemisphere contralateral to the patent nostril’®. The letter-
cancellation task (left-hemisphere dominant task) scores also improved after right and
alternate nostril Yoga breathing™. Kapalabhati, a yogic breathing technique is seen to
improve selective and sustained attention as well as ability to shift attention in 3 age
groups (medical students, middle aged and older adults)".

e Relaxation techniques and cognition

In a study, P300 amplitude increased immediately after yogi ¢ relaxation technique,
Cyclic meditation’® Selective attention, concentration, visual scanning abilities, and a
repetitive motor response have been seen to improve immediately after two Yoga
based relaxation techniques, Cyclic meditation’*(both in adults as well as children)”,
and Deep relaxation technique’® as compared to supine rest. Same variables also im-
prove after dharana, a meditative technique’”. In subsequent study it was seen that a
cyclical combination of Yoga postures and supine rest in CM improved memory
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scores immediately after the practice and decreased state anxiety more than rest in a
classical Yoga relaxation posture (shavasana)’®.DLST scores improved after two re-
laxation techniques, cyclic meditation and supine rest in teenagers. Subjects consisted
of 253 school students, 156 boys, 97 girls, in the age range 13-16 years, and they act-
ed as their own controls. DLST which is a measure of selective attention and memory
was tested before and immediately after relaxation practice’.In another study, atten-
tion, speed of information processing and motor speed increased after two relaxation
techniques, cyclic meditation and supine rest™.

Meditation and cognition

Practitioners of Buddhist meditation were divided into two groups: Deity Yoga or
Open Presence). Both groups of meditators completed computerized mental-imagery
tasks before and after meditation. Deity Yoga practitioners performed better on im-
agery tasks compared with the other groups, suggesting the enhanced visuospatial
processing efficiency through Buddhist Deity meditation®.Meditation practices have
various health benefits including the possibility of preserving cognition and prevent-
ing dementia®.Mindfulness meditation is believed to promote alterations in trait af-
fectivity and attentional control with resultant effects on well-being and cognition®.
Long-term Vihangam Yoga meditation has shown to improve various domains of at-
tention like attention span, processing speed, attention alternation ability, and perfor-
mance in interference tests®*.In the Commentary on the AHRQ (Agency for
Healthcare Research and Quality) report on research on meditation practices, it has
been suggested that meditation has implications on health, cognition, and behavior®.
In one of the studies it has been seen that concentrative meditation practice enhances
pre attentive perceptual processes, enabling better change detection in auditory senso-
ry memory. The mismatch negativity (MMN) paradigm that is an indicator of pre at-
tentive processing was used to study the effect. Meditators were found to have larger
MMN amplitudes than nonmeditators. The meditators also exhibited significantly in-
creased MMN amplitudes immediately after meditation®.In another study, sustained
attention was better in concentrative and mindfulness meditators then control sub-
jects and it was more in long term meditators then short term meditators®’. Mindful-

ness-based interventions particularly integrative body-mind training (IBMT) has
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shown to improve specific aspects of EF, including attention, cognitive control, and
emotion regulation®®. It is seen in one of the studies, that practice of Tai Chi, Yoga,
meditation, and Reiki improves problem solving abilities as well as ability to focus on
patient needs in nurses®. Executive function (EF) improved after program of mindful
awareness practices in school children. 64 second- and third-grade children ages 7-9
years were selected for the study. The program was delivered for 30 minutes, twice
per week, for 8 weeks®™, greater EF improvements were found in initially-poorer EFs
than those with initially-better EFs, compared with controls. In one of the studies, the
Yoga meditation group exhibited greater gray matter volume in frontal, limbic, tem-
poral, occipital, and cerebellar regions; whereas the matched control group did not
show any greater regional gray matter volume®. Fourteen (7 hata Yoga meditation
practitioner (YMP), 7 hata Yoga and meditation-naive control subjects, between the
ages of 18 and 55 years were included in the study. The Yoga meditation group also
reported significantly fewer cognitive failures on the Cognitive Failures Question-
naire (CFQ), the magnitude of which was positively correlated with gray matter vol-
ume in numerous regions identified. GMV was positively correlated with the duration
of Yoga practice. Study suggested that sata Yoga practice may be associated with the
promotion of neuroplastic changes in executive brain systems, which may confer
therapeutic benefits that accrue with repeated practice.

Integrated approach of Yoga therapy and cognition

A study showed that cognitive performance after the Yoga exercise bout was superior
(i.e., shorter reaction times, increased accuracy) as compared to the aerobic exercise
for inhibition and working memory tasks 2. The verbal and spatial memory was test-
ed in children (aged 11 to 16 years), three groups were assessed before and after 10
days. Yoga group showed increase in spatial memory scores, while there was no
change in fine arts and control groups®.6 months of Yoga practice has shown to im-
prove the memory, as well as psychophysiological parameters such as salivary corti-
sol levels, anxiety, and depression scores®. In a study done on schoolchildren with
socioeconomically disadvantaged background showed that Yoga is as effective as
physical activity in improving cognitive performance in schoolchildren. Two hundred

(200) schoolchildren of 7-9 yrs of age were selected for the study. Cognitive func-
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tions (attention and concentration, visuo-spatial abilities, verbal ability, and abstract
thinking) were assessed using an Indian adaptation of the Wechsler Intelligence Scale
for Children at baseline, after 3 months of intervention, and at a 3-month follow-
up®.Another study has suggested Yoga training as one of the programs to help young
children develop EF’s. EF was seen to improve in girls aged 10-13yrs, with im-
provements most evident when EF demands were greatest™.

In a comparative study, it was found that yogic system of education improves sus-
tained attention, visual as well as verbal memory®” more than modern system of edu-
cation. Forty nine boys aged 11-13 years were selected from two residential schools,
one MES (modern education system) and the other GES (gurukula education system),
matched for age and socio-economic status. Sustained attention was assessed using
the SLCT at the start and end of an academic year®.

A review article suggested different health benefits of Yoga, including improved cog-
nition, respiration, reduced cardiovascular risk, BMI, blood pressure, and diabetes
mellitus®. A study by Khemka et al showed that single month of integral Yoga prac-
tices imparts significant benefits to healthy volunteers in all psychological and health
variables. It improves sustained attention and EQ. The Yoga intervention comprised
of Yogasanas (postures), pranayama (breathing exercises), relaxation techniques,

meditation, chanting and lectures'®

Suryanamaskar (sun salutations) improved sus-
tained attention in school children. 64 healthy school children aged 12-14yrs of age
were selected and were randomly allocated to 2 groups with 32 students each (Exper-
imental group and Control group). Assessment was done using digit letter substitution
task, before and after 30 days of Suryanamaskar practice'®. In a study, twenty girls
between 10 and 13 years of age, were randomly assigned to two groups, Yoga and
physical exercise group, assessment was done using tower of London task, before and
after 1 month of practice of Yoga and physical exercise respectively. Yoga training for
a month reduced the planning and execution time in simple as well as complex tasks
and facilitated reaching the target with a smaller number of moves in a complex task,
whereas no change was seen in physical exercise group®*In another study, 20-minute
Yoga session resulted in superior memory performance compared to acute aerobic ex-

ercise. Thirty female college-aged participants completed three counterbalanced test-
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ing sessions: a Yoga session, an aerobic exercise session, and a baseline assessment.
The state sub-form of the Spielberger’s State Trait Anxiety Inventory and a free recall
and a recognition task was used for assessment. Improved memory was attributed to

decreased anxiety levels®

. Yoga has shown to improve academic achievement, Rea-
soning ability and Short-term Memory of the students. Total 40-40 students of 11th
commerce were selected from two schools for the study and “complete experimental
simple equivalent group pretest-posttest experiment design” was used for study*®* In
another study done on adolescent school children, students, who practiced Yoga mod-

ule yielded higher concentration levels and exhibited better short term memory*®

As observed there are many studies conducted on normal healthy individuals to test
the effect of Yoga on cognition. However there are only a few studies (review and in-
tervention) that have been conducted to test the effect of Yoga on cognition of elderly.
The next two sections would focus on (a) review studies and (b) intervention studies

conducted on the effect of Yoga on cognition in the elderly.

2.3. REVIEW STUDIES

One of the review studies included 15 studies with cognitively healthy elders and 8 stud-
ies with cognitive decline. Improvement in cognitive functions was seen in most of the
studies with cognitively healthy subjects as well as subjects with cognitive decline. Inter-
ventions used were aerobic exercise, strength exercise, balance exercise or all-round ex-
ercise including aerobic, strength, balance and flexibility training. Effect was seen on in-

198 - Another re-

formation processing, general cognition, executive function, or memory
view of nine studies including three RCTs and six NRCT’s suggested that Yoga can im-
prove physical well-being, including balance, range of motion, blood pressure, pain, fa-
tigue, and general health as well as cognitive and mental health of older adults. Yoga also

improved sleep quality and depression™””.
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24. INTERVENTION STUDIES

Table 1 depicts 3 studies that have been conducted at Ranchi Institute of Neuropsychiatry
and Allied Sciences, Psychiatry, Ranchi and Oregon Health and Science University
(OHSU), Portland. All 3 studies have used controlled designs. Outcome measures mostly
used are neuropsychological tests such as the Digit Span test, (2) the Stroop Color Word
test, (3) the Trailmaking test, (4) the Letter Cancellation Task, (5) the digit symbol substi-

tution test. Salivary cortisol, EEG and inventories are also used.
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Author

(year) Method Results Comments

135 subjects were randomized into Hata Yoga class, | There were no effects from ei- | This study is a randomized

Barry  S. | walking exercise class, or wait-list control. Outcome | ther Yoga or exercise group on | controlled study with a

Oken et | assessments were performed at baseline and after the | any of the cognitive and alert- | large sample size and long

al(2006)'® | 6-month period and included a battery of cognitive | ness outcome measures. intervention period (6
measures on the Stroop Test and a quantitative elec- months, once a week class).
troencephalogram (EEC) measure of alertness; SF-36 However its results may not
health-related quality of life; Profile of Mood States; be culturally valid for the
Multi- Dimensional Fatigue Inventory; and physical Indian population
measures related to the interventions.

Jennifer A. | 15 adults (Mean age-71.3 years, mean education level | Reaction time on simple | Though this is a controlled

et al | -17.9 years) randomly assigned to a Relaxation re- | attention/psychomotor task | study, it a non-Indian study.

(2006)*%° sponse (RR) training or control groups. RR training | improved with RR training, | Hence the generalizability

group received 5 week programme of relaxation re-
sponse training. Assessment done using simple atten-
tion/psychomotor task, complex tasks of attention,
verbal, or visual declarative memory tests, Self-
reported state anxiety levels, salivary cortisol levels

assessed

whereas there was no
improvement on complex tasks

of attention, verbal, or visual

declarative  memory.  State
anxiety levels showed
marginally significant
reduction.  Performance on

simple attention task improved.

of the results to Indian pop-
ulation in limited. Further
the sample size is low. Fol-
low-up may have been use-
ful to see the effect of long
term practice and also the

sustainability of results.
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Prakash R
et al
(2012)*°

Cross-sectional study comparing the cognitive per-
formance of 20 meditators (long-term practitioners of
Vihangam Yoga meditation) and 20 non-meditators
in the geriatric age group. Six paper-pencil neuropsy-
chological tests to assess short-term memory, percep-
tual speed, attention, and executive functioning, in-
cluded (1) the Digit Span test, (2) the Stroop Color
Word test, (3) the Trailmaking test, (4) the Letter
Cancellation Task, (5) the digit symbol substitution
test, and (6) the Rule Shift Card Test.

Vihangam Yogi s performed
better on all the tests of atten-
tion except for the digit back-

ward test.

This is a controlled, cultur-
ally valid study which has
used assessment standard-
ized measures. However
due to the low sample size
the results of the study may
not be generalizable to the

population.

Table 2.1: Intervention studies on Yoga and cognition in elderly (Indian and Non-Indian)
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2.5 STUDIES CONDUCTED IN SVYASA

Kadambini et al., (2005) studied 60 subjects aged 10-12yrs were selected for the
study, subjects were randomly divided into physical activity and Yoga group. As-
sessment was done before and after 9 days of practice of physical exercise and Yoga
respectively. Tower of London test was used for assessment. The subjects were as-
sessed based on planning time, execution time and number of moves. Yoga group
showed improvement in planning execution and number of moves, in simple as well
as complex tasks where as physical activity group showed improvement in planning,
execution and number of moves in simple tasks and no improvement in complex

tasks™!.

Ravanth et al. (2010) studied 138 students in the age range of 12-15yrs were selected
for the study. Assessment was done immediately before and after 10 mins. of experi-
mental (Bhramari pranayama) and control sessions using SLCT. Net scores increased
and errors reduced significantly after the practice™.

Naorem et al.(2009) studied 79 young adults were selected and divided into bhastrika
and control group. Wechsler’s memory scale subtests- memory for digits and memory
for letters was used for assessment. Personality was assessed using Eysenck’s Person-
ality inventory. Bhastrika group was given 10 mins of bhastrika pranayama session

every day for 21 days. Immediate memory was seen to improve in Bhastrika group™.

Dr Majunath (2005) studied 59 elderly subjects were selected for the study, and ran-
domized into Yoga, Ayurveda and wait list control group. Assessments were done pre,
after 3 and 6 months. Assessments were of 3 categories i) Measures of general health
ii) Neurological and iii) Psychological status. Yoga group received IAYT for sixty
minutes, six days a week. Ayurveda group received preparation called Rasayana 10
grams per day. At the end of three months Yoga group showed improvement in se-
mantic, primary, and working short term memory and at the end of six months im-
provement was seen in semantic primary, and working short term memory and epi-

sodic memory™*.
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The above review shows that there are very few studies that have looked at the effect of
Yoga on cognition in the elderly subjects. Further no study has looked at the effect of
Trataka, on cognitive function of the elderly (even though literature shows that trataka is
an effective intervention for improving cognition). Therefore, we designed a study to test
the effect of Trataka (a yogic cleansing technique) on cognitive functions in the elderly.
We have described the methodology that we have used to conduct the study in the next

chapter (Chapter 3) — Methodology section.
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CHAPTER 3

METHODOLOGY



Research methodology is a way to systematically solve the research problem. It may be

understood as a science of studying how research is done scientifically. We shall now

look at the methodology that we have employed in the current study.

3.1 AIM OF THE RESEARCH:
To study the effect of #rataka on cognitive functions in the elderly

3.2 OBJECTIVES OF THE RESEARCH:

3.2.1. To study the effect of #ataka on attention and concentration (Six letter cancella-

tion test)
in the elderly

3.2.2. To study the effect of trataka on working memory (Digit span forward and back-
ward) in the elderly

3.2.3. To study the effect of #rataka on Executive functions (Trail making test: B) in the
elderly

3.3 SAMPLE

27 patients in each group was required to detect a clinically significant difference
equivalent to an effect size of 0.75 (Cohen’s d) in total memory score between the
groups. A sample of 27 had 80% power to detect this difference with an alpha of
0.05 for a between-groups analysis. To account for a dropout of about 10%, a
sample of 30 patients in each group was decided. In this manner, a total of 60
healthy elderly sample were recruited for the study using purposive sampling. The
researcher approached all old age homes in Goa. Those old age homes which pro-
vided consent were included in the study. All the elderly in the old-age home who
fulfilled the inclusion and exclusion criteria were selected to participate in the
study. The researcher followed this procedure of recruitment till a sample size of
60 was reached. Only after all 60 participants were recruited into the study, were

the old age homes randomized into different treatment groups.
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3.4

3.5

3.6

3.7

3.8

INFORMED CONSENT

Written informed consent was taken from all 60 subjects.

INCLUSION CRITERIA
o Healthy subjects
o Age between-60-80 yrs.
o Education: 5"std and above
o Willing to participate by giving a written informed consent.
o Those knowing Konkani, Hindi, English, Marathi.

EXCLUSION CRITERIA
o Those having neurological and psychiatric disorders (based on case histo-
ry)
o Those who have practiced Yoga for the last 3 months.

o Those who have major eyesight problems (in vision)

SOURCE OF SUBJECTS:
Subjects were obtained from Old age homes in Goa and from individuals staying

in and around Ponda and Margao areas in Goa.

DESIGN OF THE STUDY
Randomized block design was used for the study. Subjects were divided into 4
blocks (2 old age homes comprising of one block each and two blocks of individ-
ual elderly participants from Ponda and Margao area of Goa), a sample of approx-
imately 15 subjects comprised of one block. The lottery method of manual ran-
domization was conducted due to the small number of blocks (N = 4). 2 blocks
were randomized into frataka group (intervention group) and two blocks were
randomized into wait-list control group.

For the convenience of conducting the intervention, each group had not

more than 10 members.
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Intervention group

Trataka intervention

l l l

Day 1 Day 1 Day 30
Pre intervention Post intervention

Waitlist Control group

No Intervention

l l

Day 1 Day 1 Day 30
Pre sitting Post sitting

Figure 3.1 — Assessment timelines for intervention and control group

3.9 VARIABLES STUDIED

For the intervention group, assessments were conducted on Day 1 before intervention,
immediately after trataka intervention on Day 1, and after 27 days of trataka intervention
(on 30" day). In the wait-list control group, data was taken on Day 1 before the quite sit-
ting and after 30 mins of quite sitting and on 30" day. The variables used in this study
were:

e Working memory (Digit span forward and backward Test, Wechsler, 1997)

e Attention and concentration (Six letter cancellation test'*®)

e Executive functions (Trail making test B**°)

Six letter cancellation test and Trail making test B were transliterated into Marathi for the
ease of application of the tests to the local population in Goa. A detailed explanation of
the tests used to study each of these variables is given below:

Digit span forward and backward: Digit Span (DS) is a subtest in Wechsler Adult
Intelligence Scale-third edition (WAIS-111)**". Digit Span, which has two subsections
(DS-F and DS-B), evaluates short-term memory and working memory. DS-F measures
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short-term memory simply by requiring participants to repeat numbers. DS-B measures
working memory by requiring participants to memorize numbers and to repeat the num-
bers in inverse order. For DS-F, participants repeat numbers in the same order as they
were read aloud by the examiner. For DS-B, participants repeat numbers in the reverse
order of that presented aloud by the examiner. In both, the examiner reads a series of
number sequences which the examinee must repeat in either forward or reverse order.
DS-F has 16 sequences. DS-B has 14 sequences. The primary measures of this test are
raw scores that reflect the number of correctly repeated sequences until the discontinue
criterion (that is, failure to reproduce two sequences of equal length) is met. The maxi-
mum raw score of DS-F is 16. The maximum raw score of DS-B is 14.

Six-letter cancellation test (SLCT): for adults is a paper-and pencil test that uses a letter
cancellation task that measures cognitive functions such as selective and focused atten-
tion, concentration, visual scanning as well as activation and inhibition of rapid respons-
es. For others, they are measures of efficiency and speed of visual scanning**®, or selec-
tive attention™® % For yet others, they are administered primarily to assess potential

121122 ot motor perseverative behaviour'?.

hemispatial inattention and visual neglect,
However, they have also been utilized in neuropsychological test batteries for the as-
sessment of the effectiveness of treatment for adult patients with anorexia nervosa and
bulimia nervosa™®*, and for the assessment of illiterate individuals to determine if educa-
tion affected performance in a neuropsychological battery’®. They have also been em-

ployed to assess cognitive impairments in alcoholic cirrhotic patients'?®

, and to evaluate
target detection deficits in patients who have undergone frontal lobectomy surgery®?’. It
consists of a test worksheet that specifies six target letters to be cancelled and has a
‘working section’, which consists of letters of the alphabet, arranged randomly in 22 rows
and 14 columns. The participants are asked to cancel as many of the six target letters as
possible in a specified time of 90 seconds'?®. The total number of cancellations and
wrong cancellations are scored, and the net scores are calculated by deducting wrong
cancellations from the total attempt. This test has been evaluated for its reliability and
validity based on standard criteria. Reliability has been ascertained based on (a) temporal

stability and (b) internal consistency'?. The content validity of this test is adequate for
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the purpose for which it is intended'®. The normal value for healthy Indian adults for
SLCT is 38 £ 6.

. The Trail Making Test (TMT) is one of the most popular neuropsychological tests and
is included in most test batteries. It is a measure of visual scanning, complex attention,
psychomotor speed mental flexibility, and executive functions. The TMT is an adaptation
of John E. Partington's Test of Distributed Attribution, which was originally developed in
1938 to assess intellectual function. It was later renamed Partington's Pathways Test and
was used to examine the effects of opiate use on brain function. Subsequently it was in-
corporated into the Army Individual Test Battery (1944) where it received its current
name. It was incorporated into the Halstead—Reitan Battery *. TMT-B requires an indi-
vidual to draw lines sequentially connecting encircled numbers and letters distributed on
a sheet of paper. The person must alternate between numbers and letters (e.g., 1, A, 2, B,
3, C, etc.). The score represents the amount of time required to complete the task. The
TMT is sensitive to a variety of neurological impairments and*® 3 TMT-B reflects pri-

marily working memory and secondarily task-switching ability™*.

3.10 OPERATIONAL DEFINITIONS
e Traraka: Trataka means to gaze steadily. It is one of the sarakarmas (cleansing pro-
cess) described in Hara Yoga pradipika and GherandaSambhita.

e Cognitive functions: Working memory, attention and concentration and executive

memory, as tested using the assessment scales in this study
e Elderly: Participants between age 60 to 80 years from Goa city were considered as
elderly in this study

3.11 PROCEDURE

Subjects were recruited for the study, if they fitted the inclusion-exclusion criteria. Sub-
jects were grouped based on the old age home/ area they stayed in and the complete
group was randomized as a whole by the guide of the researcher into any of the 2 inter-
ventions (7rataka or control). Pre data was taken of all the subjects. For the intervention
group, Trataka was given every day 30 mins for 1 month, and the data was taken on Day
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1 (pre and post intervention) and on Day 27 of the intervention (end of the month, ex-
cluding Sundays). The wait list control group was not given any intervention but data was
taken before and after 30 mins of quite sitting on Day 1 and on 30" day. As the interven-
tion was provided to a group of maximum 10 participants: two groups were provided the
intervention in the morning and another two groups were provided the intervention in the
evening/ late afternoon.

Some of the subjects experienced eye irritation within 2 days of practice. On ex-
pert’s advice, chanting was included, focusing time was reduced and defocusing time was
increased to twice of that of focusing time. Timing of focusing and defocusing was also
increased gradually over the days, till they reached same ratio (i.e. 1:1, Focusing: Defo-
cusing). Concept of dhyana was introduced and subjects were asked to feel the expansion

at the time of palming.

3.12 INTERVENTION

The procedure used for Trataka session was adapted from the book ‘Yoga for promotion
of positive health’*®.

Procedure:

1. Starting Prayer:

35 Tg ATadd | HE il 8|
T g d Yarag | dstied Araticaeed A1 faefasrag |
35 enfed: fed: emfed: |

om saha navavatu | saha nau bhunaktu |

sa ha viryam karavavahai | tejasvi navadhitamastu ma vidvisavahai |

om Santiah $antiah séantiah ||

Meaning: May he protect us both (i.e. Teacher and student). May he nourish us both.
May we both work together with great energy. May our study be enlightening and fruit-
ful. May we not hate each other. Om Peace, Peace, Peace.

2. Preparatory eye exercises: Trataka has many steps to be followed. First are the
preparatory eye exercises. For this, the first step is the up and down or vertical movement
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of the eyes. In all the practices one has to open the eyes and move the eyeballs gently. It
has to be smooth and continuous without any jerky movement. This has to be repeated for
ten rounds. After this practice, to relax the eyes, simple palming is instructed (that is, rub
the palms and then make a cup of it and cover the eyeballs). The second step is right and
left or horizontal movements of eyeballs. Here, after opening the eyes one has to move
the eyeballs to left and right. Again this also has to be repeated for ten rounds. Here too
simple palming is provided at the end of the exercise. The next step is diagonal move-
ment of the eyeballs. Here the eye balls have to be moved to the extreme right up and ex-
treme left down for ten rounds. Subsequently press and release palming is provided (as
one inhales press the palms around the eyes and as one exhale release the pressure). It has
to be continued for 5 rounds. Fourth practice is diagonal movement in the opposite direc-
tion. The relaxation is conducted using the same press and release palming exercise as
before. Next step is the rotational movement of the eyeballs that is clockwise and anti-
clockwise. Here after the practice for relaxation the constant pressure palming is provided
(press constantly around the eyeballs with the palms with inhalation and release with ex-
halation).

3. Jyoti Trataka: After the preparatory exercises, the next practice is jyoti trataka,
and it has three steps. The first is focusing, that is effortless gazing or focusing at a flame.
One has to look at it for 30 seconds. At the end of the practice for relaxing the eyes, press
and release palming is provided. Next step is intensive focusing at the tip of the wick of
the flame. Here constant pressure palming is provided at the end of this step. The next
step is de-focusing. The procedure includes first looking at the flame, then slowly widen-
ing the vision and defocusing the gaze on the flame with expansive awareness and col-
lecting the details of the flame. After one minute again focusing on the flame followed by
slowly closing the eyes and visualizing the flame between the eyebrows, collecting all the
details with eyes closed is instructed. When the image disappears, palming with chanting
of Bhramari is instructed. The last step is silence. The participants are instructed to feel
the silence and relax for a while. After sufficient relaxation, they are asked to gently drop
down their hand, sit quietly for some time and feel the deep comforting effect of the prac-

tice. They are asked to be aware of the changes taking place inside, recognize that the
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mind has become completely calm and that the concentration, willpower and sharpness of
eyesight have improved.

4. Closing prayer:
3 qd e GiEeT: T T e |
T ST G2Toc] AT T G:THTI Al

om sarve bhavantu sukhinah sarve santu niramayah |
sarve bhadrani pasyantu ma kascit duahkhabhag bhavet ||
Meaning: Let all be happy, free from diseases. Let all align with reality, let no-one suffer

from miseries. Om peace peace peace.

Table 3.1: Details of Trataka practice

S.NO NAME OF THE PRACTICE DURATION
1 Starting Prayer 1 min
2 Preparatory eye exercises 9 mins
Up and down or vertical movements-10 rounds 30 secs
Simple palming 1 min
Right and left or horizontal movements-10 rounds 30 secs
Simple palming 1 min
Diagonal movements -Right up-left down-10 rounds 30 secs
Press and release palming 1 min
Diagonal movements -Left up-right down-10 rounds 30 secs
Press and release palming 1 min
Rotational movements-clockwise-10 rounds 30 secs
Constant pressure palming 1 min
Rotational movements-Anticlockwise-10 rounds 30 secs
Constant pressure palming 1 min
3 Jyoti trataka
Effortless gazing or Focusing 4 mins

48




‘A’kara chanting 1 min
Intensive focusing 4 mins
‘U’kara chanting 1 min
BREAK 1 min
De-focussing 4 mins
Bhramari 1 min
Silence 4 mins
4 Closing prayer 1 min

3.13 TREATMENT FIDELITY

The Trataka was practiced in a group and was provided by a trained Yoga instructor. The
Yoga instructor monitored the attendance of the subjects for the sessions, noted the accu-
racy with which they were able to do the practices as instructed and their overall in-

volvement.

3.14 ETHICAL CONSIDERATIONS

The research work was carried out in a free and fair environment. The study was free
from plagiarism and data collection and analysis was done with present data collected
without any fabrication. The entire study was carried out by one person and no untrained
research assistants were involved in the study. The rule and regulations laid down by the
university were strictly followed and publication of only the data collected was brought
forth. The whole work was carried out under the guidance of law abiding and ethically
bond experts in the field of research. At most care has been taken to protect the human
rights of human subjects. The informed consent of the subjects was taken and confidenti-

ality of the information collected from them was maintained.
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CHAPTER 4:
RESULTS



Results are an outcome of the research conducted by performing various experiments and
tests on the data collected - using the designed methodology, representing the facts and
figures with relevant tables and diagrams.

The aim of the study was to examine whether Trataka practice has any effect
on cognitive functions in the elderly. A block randomized controlled design was used to
compare the effectiveness of Trataka as compared to the wait list control group. For this
purpose, 60 subjects who agreed to participate in the study were randomized into two
groups: Yoga (N = 34), wait list control (N = 26).

A total of 136 subjects were screened for the study. Out of this sample, 76 sub-
jects were excluded because a) they were disabled (n = 57); declined to participate in the
study (n = 15) or d) they did not meet the inclusion criteria (n = 4). The remaining 60
subjects were randomized using block randomization (2 old age homes comprising of one
block each and two blocks of individual elderly participants from Ponda and Margao are-
as of Goa) into two groups: a) Trataka intervention (n = 34) and b) wait-list control group
(n = 26). After randomization, 5 of the subjects dropped out. 55 subjects completed the 1%
follow up on Day 1 (pre and post intervention). However, only 48 subjects completed the
2" follow up, which was conducted at the end of 1 month (Trataka group n = 26, Wait
list control n=22). A diagrammatic representation of this CONSORT™*® has been provid-
ed in Figure 1.

We shall now analyze the results of the study under the following sections: 4.1)
Demographic details; 4.2) Baseline comparison of characteristics of completers and non-
completers; 4.3) Tests of normality; 4.4) Outcome variables at baseline, 4.5) Outcome
variables at 1%, and 2" follow-up, 4.6) Time effect on outcome variables: paired sample
t-test , 4.7) Outcome variables over the period of 1 month of the study (RMANOVA —
group x time effect) , 4.8) Sub group analysis.
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Figure 4.1: The CONSORT (Consolidated Standards of Reporting Trials, Altman et al.,

2001) diagram of flow of participants through each stage of the randomized trial.
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4.1 DEMOGRAPHIC DETAILS:
Table 1 shows the socio-demographic details of the subjects in the two groups at baseline
(N = 60). To analyze the baseline characteristics of the subjects, independent sample t test

was used for all continuous variables and ‘chi-square test” was used for all categorical

variables.
Table 4.1: Age and Education of subjects (n = 55)
Variable Trataka (n = 31) | Wait-list control (n = 24) | t-value | p-value
Mean (SD) Mean (SD)
Age (years) 67.7 (7.4) 71.2 (6.6) -1.83 0.07
Educational 11.8 (3.6) 11.6 (3.8) 0.15 0.88
status(years)

Table 4.1 depicts, the mean age (SD) for Trataka group was 67.7 (7.4) and for the wait
list control group was 71.2 (6.6) years. With respect to education, the mean years of edu-
cation (SD) was similar in both groups [Trataka: 11.8 (3.6) years; wait-list control: 11.6
(3.8)]. The independent t test values and p values showed that there was no significant
difference between the two groups in education (p = 0.88). There was a trend of wait-list
control group subjects being older than the subjects of trataka group (p=0.07).

Table 4.2: Gender of the subjects (n=55)

_ Wait-list control Chi-
Variable Trataka (n=31) p-value
(n=24) Square
n (%) n (%)
Male 8 (25.8) 9 (37.5)
Gender 0.87 0.35
Female | 23(74.2) 15 (62.5)

Table 4.2 shows the gender distribution of subjects in the two groups. Majority of the
subjects in the Trataka and waist-list control group were females (74.2% in Trataka
group and 62.5% in wait-list control group). The chi-square value depicts that there is no
significant difference in gender distribution in the two groups.

53



4.2 BASELINE COMPARISON OF CHARACTERISTICS OF COMPLETERS
AND NON-COMPLETERS:

The next table will depict the baseline characteristics of the subjects who completed as
against those who did not complete the study. As mentioned in the earlier paragraphs, the
total number of subjects who completed the intervention and the follow-ups assessments
were considered as ‘completers’ (n = 48) and those who either did not complete all the
sessions of the intervention or dropped out at the follow-up phase were considered ‘non-
completers’ (N = 7). To compare the baseline characteristics of completers and non-
completers, t test was used for all continuous variables and chi-square test was used for

all categorical variables.

Table 4.3: Demographic details of completers and non-completers

Variables Completers Non-completers t-test/ | p-value
(n=48) (n=7) Chi-
Mean (SD)/n (%) | Mean (SD)/n (%) | sq
Age in years 69.0 (7.4) 70.7 (5.8) -0.58 0.57
Education in years 12.0 (3.7) 10.0 (3.4) 1.33 0.18
Gender* Male 17 (35.4) 0 (0.0)
3.59 0.06
Female 31 (64.6) 7 (100)

Table 4.3 depicts the baseline characteristics of subjects who completed/ did not com-
plete the study. It can be observed that there is no significant difference in mean age and
education between those who completed the study and those who did not. However all

the participants who were non-completers were females (X = 3.59, p = 0.06).
43 TESTS OF NORMALITY

Table 4 shows the group-wise normality values. Data at baseline for subjects were as-

sessed for normal distribution using Shapiro Wilk test.

54



Table 4.4: Tests of normality-Shapiro-wilk

STATISTIC Df Sig

Digit span test Trataka .845 31 0.00
Control 972 24 0.72

TMT B Trataka 931 31 0.05
Control 929 24 0.09

SLCT Trataka 957 31 0.24
Control .946 24 0.22

The baseline values for Trail Making Test — Part B (TMT B) and six letter cancellation
test (SLCT) for both groups are normally distributed (p > 0.05). However the baseline
values for digit span test for the trataka group was not normally distributed (p<0.00). The

Shapiro-wilk value for digit span, control group was normally distributed.

Histogram

for group= trataka

Mean =1568
Stal. Dev. = 3609
M=31

Frequency

0 T T T T T
125 150 175 0.0 225 250

Digit span test total score

Figure 4.2: Histogram of baseline Digit span test scores-Trataka qroup

A look at figure 4.2 shows that the digit span test scores for the trataka group is not nor-

mally distributed across the sample. A further look at the graph also shows that there are
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no outliers in the data; however the data has distinct two peaks at the higher and lower
range of scores. If we had divided the digit span scores using the median values into two
groups, we could have possibly got two independent normal distributions. However as we
did not have any rationale for dividing the group based on the median values, we have
not conducted this analysis.

Histogram

for group= control

Mean =17 21
Std. Dev. = 3.611
N=24

Frequency

0 T T
10 15 20 25

Digit span test total score

Figure 4.3: Histogram of baseline Digit span test scores-Control group

Figure 3 (histogram) shows that the digit span test scores for the control group is normal-

ly distributed across the sample.
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Figure 4.4: Histogram of baseline SLCT scores-Trataka group

Figure 4 (histogram) shows that the SLCT test scores for the trataka group is normally

distributed across the sample.

Histogram

for group= contrel

7 Mean = 24 96
Std. Dev. = 12.705
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Frequency
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Figure 4.5: Histogram of baseline SLCT scores-Control group

Figure 4 (histogram) shows that the SLCT test scores for the control group is normally

distributed across the sample.
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Figure 4.6: Histogram of baseline TMT B scores-Trataka group

Figure 4 (histogram) shows that the TMT test scores for the #rataka group is normally

distributed across the sample.
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Figure 4.7: Histogram of baseline SLCT scores-Control group

Figure 4 (histogram) shows that the TMT test scores for the control group is normally

distributed across the sample.
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Based on the above normality test values, parametric tests such as independent sample t
test, paired sample t test and RMANOVA was used to analyze TMT —B and SLCT test
scores and non-parametric tests such as Mann —Whitney, Wilcoxon Sign Rank test and

Friedman’s test was used to analyze the digit span test scores.

4.4 OUTCOME VARIABLES AT BASELINE:

Tables 4.4-4.7 will give a preview into the baseline scores of the outcome variables used
in this study (Digit span test, Trail making test B, SLCT). To analyze the baseline out-
come variables between 2 groups for TMT-B and SLCT test scores, Independent sample
t-test was used. However as baseline scores of digit span test were found to be non-
normal, non-parametric test of Mann Whitney was used to analyze the difference be-

tween groups at baseline.

Table 4.5: Mann Whitney test for digit span test-At Baseline

) Wait-list control Mann-
Variable Trataka (n=31) ) p value
(n=24) Whitney

Median(range) | Median(range)

Digit span test 15(13) 17(14) 261.50 0.06

Table 4.5 depicts the baseline scores of digit span test. The Mann-whitney and p value

show that there is a trend towards wait-list control group scoring more in digit span test.

Table 4.6: Independent sample t-test-At Baseline

) Wait-list control
Variable Trataka (n=31) T p value
(n=24)
Trail making test B | 186.65(96.41) 187.96(79.77) -0.05 0.96
SLCT 23.03(9.87) 24.96(12.71) -0.63 0.53

Table 4.6 shows baseline scores of Trail Making Test — B (TMT B) and Six Letter Can-

cellation Test (SLCT). It can be observed that there are no significant differences be-
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tween the trataka group and wait list control group at baseline for scores of TMT
B(p=0.96) and SLCT (p=0.53).

4.5 OUTCOME VARIABLES AT 1% & 2" FOLLOW UP:

Table 4.7 will give a preview into the outcome variables scores used in this study (Digit
span test, Trail making test B, SLCT) at the 1*' follow-up (immediately after Day 1 ses-
sion) and at the 2" follow-up (end of one month). To analyze the outcome variables be-
tween 2 groups for TMT-B and SLCT test scores, Independent sample t-test was used.
However as baseline scores of digit span test were found to be non-normal, non-
parametric test of Mann Whitney was used to analyze the difference between groups at 1°*
follow-up and 2" follow-up.

Table 4.7: Digit span test scores at 1% f/up and 2" f/up: Mann —Whitney Test

) Trataka Wait-list con- Mann-
Variable ) p-value
(N=31) trol (N=24) Whitney

Median(range) | Median (range)

Digit span test — 1°' follow-

16(16) 15.5(14) 355.00 | 0.77
up
Digit span test — 2" follow-
17.5(15) 14.5(16) 19650 | 0.06
up

Table 4.7 shows that there was no significant difference between trataka and wait list
control group in digit span test scores at the first follow up and at the 2™ follow-up. The
2" follow-up p value shows that there is a trend towards significance (p = 0.06) and pos-
sibly with a larger sample size we could have observed a significant difference between

the two groups at the 2" follow-up.
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Table 4.8: Trail Making Test (TMT -B) and Six Letter Cancellation Test
(SLCT) test scores at 1% f/up and 2" f/up: Independent sample t-test

_ Trataka Wait-list con-
Variable tvalue | pvalue

(N=31) trol (N=24)
Mean (SD) Mean (SD)

TMT-B: 1% follow-up 151.45(88.0) | 191.70(91.98) | -1.63 0.11

TMT-B: 2™ follow-up | 111.27(71.63) | 151.76(80.67) | -1.8 0.08
SLCT: 1% follow-up 31.48(14.68) | 29.33(14.61) 0.54 0.59
SLCT: 2" follow-up 31.04(13.31) | 26.23(13.53) 12 0.22

Table 4.8 depicts that there was no significant difference between trataka and wait list
control group in TMT-B and SLCT scores at the first follow up and at the 2" follow-up.
The 2™ follow-up p value shows that there is a trend towards significance (p = 0.08) in
TMT-B scores and possibly with a larger sample size we could have observed a signifi-

cant difference between the two groups at the 2" follow-up.

4.6 TIME EFFECT ON OUTCOME VARIABLES: PAIRED SAMPLE T-TEST

To understand the time effect over the one month period of study (across baseline, 1% and
2nd follow-up) we conducted the Wilcoxon Sign Rank test for the Digit span test scores
(as data was not normally distributed). However as the Wilcoxon Sign Rank test gives
only pair wise comparisons we also conducted the Friedman’s test to understand the time
effect across the follow-ups over the one month study period for the Digit Span test
scores. As data was normally distributed at baseline for the TMT-B and SLCT test scores,
the paired sample t test was conducted to understand the time effect for these outcome
variables.

Further due to multiple comparisons with baseline, Bonferroni correction was also
conducted using the formula 0.05/n (where alpha = 0.05; n = 3, as there were 3 pair wise
comparisons). Though Bonferroni correction is usually used with ANOVA, statistical ex-
perts have opined that in case of multiple baseline comparisons with t test, this method

could be used to increase the power of the test used and to determine the significant re-
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sults®® The Holm-Bonferroni method, a uniformly more powerful test procedure (i.e.
more powerful regardless of the values of the unobservable parameters) was also consid-
ered as an effective alternative power test. However, as current methods for obtaining
confidence intervals for the Holm-Bonferroni method do not guarantee confidence inter-
vals that are contained within those obtained using the Bonferroni correction®, the re-
searcher has analyzed the data using only Bonferroni correction.

The following tables (Table 9 -16) show the time effects analysis which was done
using Wilcoxon Sign Rank test/ Friedman’s test/ Paired sample test.

Table 4.9: Friedman’s Test — Trataka group

Baseline 1% follow-up 2" follow-up

Variable | Median (Range) | Median (Range) | Median (Range) | Chi-sq | p value

Digit span 15 (13) 16(16) 17.5(15) 15.44 | 0.000*

*Bonferroni adjusted p value = 0.016

Table 4.9 shows the time effect across follow-ups, using the Friedman’s test for the digit
span test for the trataka group. Digit span test scores (used for assessment of memory)
are hypothesized to increase with intervention at each follow-up. The table shows that
there was increase in digit span scores with each follow up, and p value (0.000) suggests
that there is a significant increase in the digit span test scores across time points in the
Trataka group.

Table 4.10: Wilcoxon Signed Ranks Test-Trataka group

) Median Median
Variable A p value
(Range) (Range)
Digit span (Baseline — 1% fol- 15 (13)
16(16) -1.91 0.06
low-up)
Digit span (Baseline-2" fol- 15 (13)
17.5(15) -3.35 | 0.001*
low-up)
Digit span (1% follow up-2" 16(16)
17.5(15) -3.17 | 0.002*
follow up)

*Bonferroni adjusted p value = 0.016
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Table 4.10 shows the pair wise time effect using the Wilcoxon signed ranks test for digit
span test scores for the trataka group (used for assessment of memory). There was no
significant change in the digit span test scores from baseline to immediate effect (1% fol-
low-up; p=0.06). But significant increase in digit span scores was seen from baseline to
2" follow up (p = 0.001) and also from 1% follow up to 2" follow up (p=0.002).

Table 4.11: Paired sample t test-TMT B for Trataka group

Variable Mean (SD) Mean (SD) T p-value
TMT B (Baseline — 1% follow-up) 170.58(92.43) | 151.45(88.0) | -4.26 | 0.00*
TMT B (Baseline-2" follow-up) 170.58(92.43) | 111.27(71.63) | 7.09 | 0.00*
TMT B (1* follow up - 2" follow up) | 133.62(78.63) | 111.27(71.63) | 3.35 | 0.003*

*Bonferroni adjusted p value = 0.016

Table 4.11 shows the pre/post assessment done using paired t test for TMT B for the
trataka group (used for assessment of executive functions). The decrease in the mean dif-
ference (SD) values indicates that there has been a reduction in time taken to complete
TMT B test. There is a significant reduction in TMT test scores from baseline to 1% fol-
low up (p =0.00). The reduction in scores from baseline to 2™ follow (p =0.00) and from
1% follow up to 2™ follow up (p=0.003) is also significant.

Table 4.12: Paired sample t test-SLCT for Trataka group

Variable Mean (SD) | Mean (SD) T p-value
SLCT (Baseline — 1* follow-up) | 23.88(10.07) | 31.48(14.68) | 5.08 | 0.00*
SLCT (Baseline-2" follow-up) 23.88(10.07) | 31.04(13.31) | -3.93 | 0.001*
SLCT (1% follow up-2" follow up) | 34.23 (13.71) | 31.04(13.31) | 2.21 | 0.037

*Bonferroni adjusted p value = 0.016

Table 4.12 shows the pre/post assessment done using paired t test for SLCT for the
trataka group (used for assessment of attention and concentration). The increase in the
mean difference (SD) values indicates that there has been increase in the SLCT (attention
and concentration) values. There was significant increase in the SLCT scores from base-

line to 1% follow up (p < 0.02). The table also shows that there was significant increase in
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the SLCT scores from baseline to 2™ follow up (p < 0.02), but the difference between 1°*

follow up and 2" follow up was not significant (p=0.03).

Table 4.13: Friedman’s test-control group

Baseline 1% follow-up 2" follow-up
) Median Median Median )
Variable Chi-sq | p value
(Range) (Range) (Range)
Digit span 17(14) 15.5(14) 14.5(16) 1.3 0.52

*Bonferroni adjusted p value = 0.016

Table 4.13 shows the time effect across follow-ups, using the Friedman’s test for the digit
span test (for control group). Digit span test scores (used for assessment of memory) are
hypothesized to increase with intervention at each follow-up. The table shows that there
is a decrease in digit span scores with each follow up which is not significant (p<0.52).

Table 4.14: Wilcoxon Signed Ranks Test-Control group

Variable Median (Range) | Median (Range) | Z | p value
Digit span (Baseline — 1% follow-up) 17(14) 15.5(14) -0.57 | 0.57
Digit span (Baseline - 2™ follow-up) 17(14) 14.5(16) -149 | 0.14
Digit span (1™ follc))w up-2" follow 15.5(14) 14.5(16) 151 | o013
up

*Bonferroni adjusted p value = 0.016

Table 4.14 shows the pair wise time effect using the Wilcoxon signed ranks test for digit
span test scores for the control group. Digit span test scores (used for assessment of
memory) are hypothesized to increase with intervention at each follow-up. The decrease
in the median (range) values indicates that there has been a reduction in the digit span
scores. The table also shows that there was no significant changes in the digit span scores

from baseline to 1 follow-up/2™ follow-up (p>0.05) or from 1°* follow-up to 2™ follow-

up.
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Table 4.15: Paired sample t test-TMT B for Control group

Variable Mean (SD) Mean (SD) T p-value
TMT B (Baseline — 1* follow-up) 182.22(76.33) | 191.70(91.98) | -1.10 0.28
TMT B (Baseline-2™ follow-up) | 179.38(76.65) | 151.76(80.67) | 2.17 | 0.04
TMT B (1% follow up - 2™ follow up) | 185.57(93.73) | 151.76(80.67) | 2.73 | 0.01*

*Bonferroni adjusted p value = 0.016

Table 4.15 shows the pre/post assessment done using paired t test for TMT B in the Con-

trol group. The increase in the mean difference (SD) values indicates that there has been

increase in time taken to complete TMT B test. The difference between baseline to 1st

follow up is not significant (p >0.05). However there was a trend towards decrease in the

mean-time taken to complete TMT B test from baseline to 2™ follow up. But, significant

difference is seen in scores from 1% follow up to 2™ follow up (p = 0.01).

Table 4.16: Paired sample t test-SLCT for Control group

Variable Mean (SD) | Mean (SD) T p-value
SLCT (Baseline — 1* follow-up) | 24.96(12.71) | 29.33(14.61) | -2.18 0.04
SLCT (Baseline-2" follow-up) 24.96(12.71) | 26.23(13.53) | -0.52 0.61
SLCT (1% follow up-2"* follow up) | 29.86(15.11) | 26.23(13.53) | 2.09 0.05

*Bonferroni adjusted p value =

0.016

Table 4.16 shows the pre/post assessment done using paired t test for SLCT in the Con-

trol group. The increase in the mean difference (SD) values indicates that there has been

increase in the SLCT values. The table shows that there was a significant increase in the

SLCT scores from baseline to 1% follow up (p = 0.04). There was no significant differ-

ence between baseline and 2™ follow up. However there was a trend towards decrease in

the SLCT scores between 1% and 2™ follow up scores (p = 0.05).
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4.7 OUTCOME VARIABLES OVER THE PERIOD OF 1 MONTH OF THE
STUDY (RMANOVA - GROUP X TIME EFFECT):
To understand the group as well as time effect (interaction effect) over the one month pe-
riod of study (across baseline, 1% and 2nd follow-up) we conducted the Repeated
Measures ANOVA (RMANOVA) on the TMT B and SLCT scores (for data that was
normally distributed)

Table 4.17: RMANOVA for TMT-B and SLCT scores

Variable Baseline 1 followup | 2" followup | F | p-value
Mean (SD) Mean (SD) Mean (SD)
Trataka | 170.58(92.43) | 151 45(88.0) | 111.27(71.63)
TMT B 187.96(79.77) 6.67 | 0.003*
Control ' ' 191.70(91.98) | 151.76(80.67)
Trataka | 23.88(10.07) | 31.48(14.68) | 31.04(13.31)
SLCT 3.11 0.05
Control | 24.96(12.71) | 29.33(14.61) | 26.23(13.53)

*Bonferroni adjusted p value = 0.016

It can be observed from Table 4.17 that over time TMT B scores reduced significantly in
trataka group as compared to control group (p = 0.003). Similarly there was a trend to-
wards (p = 0.05) better improvement of scores on SLCT in the Trataka group as com-
pared to the control group where scores in SLCT have reduced after the 2" follow-up.
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Figure 4.8: Changes in Digit span scores across timeline in Trataka and wait list con-

trol group

Figure 4.8 shows the median score in Digit span test across timeline (baseline, 1% and 2"
follow-up) in Trataka and waitlist group. It can be observed that the zrataka group has
significantly improved in digit span test scores over the period of time (p = 0.000; Fried-
man’s test in Trataka group), whereas there was no significant improvements in scores in

the control group overt the test period (p = 0.52; Friendman’s test in control group)
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Figure 4.9 shows that mean time taken to complete TMT B test decreased significantly in

the trataka group as compared to the control group (p = 0.003; RMANOVA).

34
32
30
28
26
24
22

SLCT
Baseline 1st follow up 2nd follow up

== Trataka Group
«@= Control Group
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Figure 4.10 shows that the mean SLCT scores increased in Trataka group as well as con-
trol group and there was a trend towards better improvement in the trataka group as
compared to the control group (p = 0.05; RMANOVA).

4.8: SUB GROUP ANALYSIS:

Half of the subjects in the Trataka group were given intervention in the morning and the
other half received the intervention in the evening. To understand if there were any base-
line differences in outcome variables of the two groups (morning and evening group) for
TMT-B and SLCT test scores, Independent sample t-test was used. However as baseline
scores of digit span test were not normal, non-parametric test of Mann Whitney was used

to analyze the baseline differences between groups.

Table 4.18: Mann Whitney test for digit span test-Between Morning and Evening

Group at Baseline

Morning group | Evening group
. Mann-
Variable (n=16) (n=15) ) P-value
) ) Whitney
Median(range) | Median(range)

Digit span test 15(13) 14(9) 119.50 0.98

Table 4.18 shows baseline scores of digit span test for the morning and evening group of
trataka. The table shows that there was no significant difference between morning and

evening group in the baseline scores of digit span test.

Table 4.19: Independent sample t-test-Between Morning and Evening Group (at

baseline)
Morning grou Evening grou
Variable YL YU T P-value
(n=16) (n=15)
Trail making test B | 226.25(100.27) 144(73.77) 2.57 0.01*
SLCT 19.56(8.25) 26.73(10.37) -2.14 0.04*

*p value < 0.05
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Table 4.19 depicts the baseline scores of the morning and evening Trataka group. There
was significant difference in TMT B and SLCT scores between morning group and even-
ing group, with the evening group performing significantly better on both tests than
morning group (TMT: p=0.01; SLCT: p=0.04).

As there were significant difference at baseline for TMT-B and SLCT test scores between
the morning and evening groups of trataka, post-hoc test was conducted using

RMANOVA -controlling for baseline.

Table 4.20: RMANOVA-for morning-evening groups

Variable 1% follow up 2" follow up F P-value
Morning | 168.64(90.12) 142.79(83.26)
TMT B 0.5 0.67#
Evening | 92.75(29.26) 74.50(27.05)
Morning | 31.14(13.13) 26.00(10.79)
SLCT 1.04 0.36#
Evening 37.83(14.05) 36.92(13.97)

# After controlling for baseline differences
Table 4.20 shows that after controlling for baseline differences, there was no significant
difference between the 2 groups (morning and evening group) in both TMT and SLCT
test scores over the period of the study (TMT: p=0.67; SLCT: p=0.36).

Based on the above results of the study we shall now discuss the results in the next chap-

ter of ‘Discussion.
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CHAPTER 5
DISCUSSION



5.1. INTRODUCTION
Yoga is an art of living and a systematic process to reach the state of moksha, endowed
with perfect silence, knowledge, power and bliss. While moving along the path of Yoga,
one gets benefits such as good physical health, a peaceful mind, balanced emotions and in
consequence harmonious relations with others and greater efficiency in actions. Yoga has
various health benefits including ability to improve cognitive functions. Many scientific
studies have proven that Yoga is effective to improve cognitive functions in neurological
disorders, anxiety, depression, schizophrenia, chemotherapy related cognitive impair-
137 138,139,140.

ment, dementia, type 2 DM, multiple sclerosis and in climacteric syndrome™",

Effect of Yoga in improving cognitive functions of healthy subjects has also been studied.

It is a well-established fact that aging is associated with a gradual decline of cognitive
functions. But the number of Yoga studies looking at the cognitive functions of the elder-
ly is limited. Trataka is one of the Yoga practices which are considered to improve cogni-
tive functions. But its effect on cognitive functions has not been studied. As this study
has not been conducted earlier, the aim of this study was to test the effect of Traraka on
cognitive functions of the elderly. Effect of Traraka was studied as against Wait list con-
trol group, in improving attention, concentration, short term memory and executive func-
tions. The following paragraphs will discuss the methodology and the results of the study

separately.

5.2. DISCUSSION ON METHODOLOGY:

e Sample: The socio-demographic profile of the subjects who participated in the study
was consistent with that of the earlier Yoga intervention study on elderly***,**? but not
with that of the general population of India (Census of India, 2011). This could be be-
cause half of the sample came from old age homes. Quota sampling was done only in
2 old age homes and surrounding localities. Hence the generalization of this sample
would be limited and the results of this study cannot be extrapolated to the communi-

ty dwelling individuals.
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Subjects of the intervention group received Traraka practice for 6 days a week (30
mins duration) for 1 month. Only 7 did not complete the study or dropped out during
the follow up. It is interesting to note that all the dropouts were females. This low at-
trition rate in the Traraka group (n=5) and wait list control group (n=2) is the strength
of the study. Low attrition could be attributed to the classes on the everyday basis as
well as motivation on the part of researcher. There was no significant difference in
age and education level of subjects who completed the study (completers) and who

did not complete the study (non-completers).

Design: Randomized block design (RBD) was used for the study. The study design
was one of the main strengths of the study as it enabled the researcher to have a num-
ber of treatments and blocks. RBD’s are known to provide more accurate results than
the completely randomized design due to grouping. The variability within each block
is less than the variability of the entire sample. Thus each estimate of the treatment ef-
fect within a block is observed to be more efficient than the estimates across the en-
tire sample. Further, this design is relatively easier to conduct statistical analysis on,
even with missing data, thus allowing calculation of unbiased error for specific treat-

ments.

As the groups were randomized based on the popular ‘chit system’, it avoided any
bias recruitment. Further all the groups were simultaneously randomized and the ran-
domization was revealed to the researcher by the guide who was not involved in the
data collection process, only after the participants had been recruited in the study.

This further reduced the possible bias in group allocation by the researcher.

Tools: All the 3 tests to assess the cognitive functions of the elderly in this study
were standardized. For example: The Digit Span (DS) which was used to evaluate
short-term memory and working memory, is a subtest in Wechsler Adult Intelli-
gence Scale-third edition (WAIS-111)**. The Six letter cancellation test (SLCT)

which measures cognitive functions such as selective and focused attention, con-
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centration, visual scanning as well as activation and inhibition of rapid responses
has been employed to assess cognitive impairments in alcoholic cirrhotic pa-

144

tients™™, and to evaluate target detection deficits in patients who have undergone

frontal lobectomy surgery™*

. This test has also been evaluated for its reliability
and validity based on standard criteria and has standard norms for the Indian pop-
ulation. Trail making test (TMT-B) which is one of the most popular neuropsy-
chological tests and is included in most test batteries, is a measure of visual scan-
ning, complex attention, psychomotor speed mental flexibility, and executive
functions. The TMT is sensitive to a variety of neurological impairments™*® ',
Also, normative data stratified by age and education for TMT B is available. Ad-
equate test-retest reliability was found for both Part A and Part B of the TMT in
the healthy control group (r=0.46 and 0.44 respectively), as calculated using Pear-
son correlation coefficients'*®,

All the outcome variables were thus objective measures and there was no question

of bias. Hence the method of rater blinding was not adopted in this study.

Intervention: Traraka practice involves various steps like preparatory eye exercises,
focusing, defocusing, chanting and silence during relaxation. Each component or all
of them together could have been responsible for the improvement in the cognitive
functions. Preparatory eye exercises improve the stamina of the eye muscles and
avoid eye strain. The degree of optical illusion is observed to reduce post a set of
yoga practices that included 7raraka (involving both focusing and defocusing of the
gaze and attention), and the researchers hypothesized that this could be due to
improved cognitive jugemental factors and may not be due to retinal factors™®.
Dharana or focusing improves concentrative attention (‘‘desha-bandhashchittasya
dharanam’’; Patanjali’s Yoga Sutras, Chapter I1l, Verse 1)**°. Focused Attention
(FA\) is the attention which is restricted to a specific focus™" such as the breath or the
candle flame (7raraka ). Receptive attention is a kind of attention which is
“objectless” and the goal is simply to keep attention fully “readied” in the present

moment of experience without orienting, directing, or limiting it in any way.
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Research studies have shown that Intense FA meditation effects cortical engagement,
as reflected by a concomitant reduction in ERD (event related desynchronization) to
target tones in the beta (13-30 Hz) frequency band. Reductions in beta ERD after
practice of external tasks is due to the decreased cognitive efforts®’. There is
enhanced processing of task-related auditory inputs during FA meditation. FA
meditation training is thought to improve one’s ability to remain vigilant and monitor
distractors without losing focus. It is proposed that these mental training-related
effects might be produced by a reduction in cortical noise and/or by an enhancement
of the rhythmic mode of attention.

The second stage of Traraka , the phase of defocussing is akin to the stage of
dhyana effortless attention (‘‘tatra pratyayaikatanata dhyanam’’; Patanjali’s Yoga
Sutras, Chapter 111, Verse 2)**%. When dharana becomes effortless, it takes the form
of dhyana, which is defined as the uninterrupted spontaneous flow of the mind toward
the chosen object. Vigilance and attention are not required during dhyana, which is
the actual phase of meditation>*. Though there are different forms of meditation all of
them lead to calm yet alert mind™°. At a more advanced level of training in FA medi-
tation which could be considered a state of dhyana, the regulative attention skills are
invoked less frequently, and the ability to sustain focus thus becomes progressively
“effortless™™*®. Dhyana is associated with reduced sympathetic activity and increased
vagal tone™’. The defocussed phase of Trataka could be similar to the benefits of
dhyana phase of meditation. Multiple studies show that meditation may affect multi-
ple pathways that could play a role in brain aging and mental fitness'*®. For example,
meditation may reduce stress-induced cortisol secretion and this could have neuropro-
tective effects potentially via elevating levels of brain derived neurotrophic factor
(BDNF). Meditation processes are linked to GABAergic cortical inhibition,
a mechanism implicated in improved cognitive performance and enhanced emotional
regulation™®. Further, meditation may potentially strengthen neuronal circuits and en-
hance cognitive reserve capacity. Brain regions associated with attention, interception
and sensory processing are thicker in meditation practitioners including the prefrontal

160

cortex and right anterior insula™". Advanced meditators have higher melatonin levels
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(that blocks the build-up of beta-amyloid plaque -a hallmark feature of Alzheimer's

161

disease)™®* than non-meditators®®.

Relaxation techniques have shown to reduce anxiety and improve memory™® as well

as attention'®41%

It is already known that reduced anxiety can improve the
performance on tasks requiring attention and memory'®®. So the improved

performance could also be attributed to the reduced anxiety.

5.3. DISCUSSION ON RESULTS:

Normality: The baseline values for Trail Making Test — Part B (TMT B) and six let-
ter cancellation test (SLCT) for both groups were normally distributed. However the
baseline values for digit span test for the Traraka group was not normally distributed.
There were no outliers in the data; however the data had distinct two peaks at the
higher and lower range of scores. If we had divided the digit span scores using the
median values into two groups, we could have possibly got two independent normal
distributions. However as we did not have any rationale for dividing the group based
on the median values, we have not conducted this analysis. The digit span test scores
were analyzed using non-parametric test. A look at the normality data of digit spans
scores which depicts the memory functions brings out an already known fact that post
60 years, almost 16.8 % of the elderly show poor memory functions whereas others

have normal memory capacity™®’.

Baseline: There were no group differences at baseline in all three outcome variables.
Both the groups were comparable at baseline, on all outcome variables. Hence the fi-
nal outcome results could be categorical stated to be purely an effect of the interven-

tion
Variables at the 1% & 2" follow up(Group effect and Time effect):

» Digit span test:
Digit Span (DS) is a subtest in Wechsler Adult Intelligence Scale-third edition
(WAIS-I1I), which measures short term memory. There was no significant difference

between Traraka and wait list control group in digit span test scores at the first follow
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up. When compared to wait list control group it could be observed that 7raraka scores
were higher and a possible trend towards significance; a larger sample size could
have elicited significant differences between the two groups at the 2" follow-up (Ta-
ble no-4.7).

When compared within group, digit span scores improved at the 1% follow up
in Traraka group, but the difference was not significant. At the 2™ follow up, there
was significant improvement in digit span scores (table 4.10). While in control group,
scores decreased at the 1% and the 2" follow up, but there were no any significant
changes (table 4.14).

The results suggest that long term practice of Traraka and not just one day
practice is required to improve short term memory. Similar study done on elderly sub-
jects showed that, at the 3 month follow up, Yoga group improved in semantic
memory, short term primary memory and short term working memory*®. While, at
the 6 months follow up, Yoga group improved in semantic, short term primary, short
term working memory and associate learning, control group deteriorated in episodic
memory. So, the result of our study is consistent with the results of earlier study. We
found a trend between the two groups (group effect) at the 2" follow up, and signifi-
cant time effect from baseline to 2" follow-up. Possibly a larger sample could have

showed significant results at 2" follow-up between groups.

» SLCT (Six Letter Cancellation Test):
When compared between groups, there was no significant difference between the
Traraka and wait list control group at 1% and 2™ follow up (table 4.8).

However with respect to time effect, selective as well as sustained attention
and concentration (measured using SLCT scores) was seen to improve immediately
after the practice of Traraka (when baseline compared to 1% follow up). Wait list con-
trol group also performed better (may be because of retest effect) but the improve-
ment was not significant. At 1 month follow-up, Traraka group showed significantly
better performance in the SLCT test compared to baseline. Whereas, scores of wait

list control group came back to the baseline scores at the 2™ follow up (table 4.12,
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4.16). In a study done on the healthy aging adults, it was seen that performance on a
simple attention task improved after 5-week relaxation response training programme
whereas, no improvement was seen in complex tasks of attention'®®. In another study
net scores on the six-letter cancellation task were significantly higher after a session
of Dharana'™. These results are in consistence with our results, as we also observed
increased SLCT scores immediately after Traraka practice. Since Trataka is a type of
dharana practice this further strengthens that the results are valid and obtained cor-

rectly.

» TMT B (Trail Making Test — B; Executive functions):

At the 1% follow up, there was no significant difference in TMT B scores between
Trataka group and Wait list control group. However at the 2™ follow-up, there was a
trend towards significance and possibly with a larger sample size we could have ob-
served a significant difference between the two groups (table 4.8).

Trataka group performed significantly better at the 1% follow up in TMT B
test (indicative of executive functions). In contrast, in the wait list control group there
was increase in time taken to complete the task (suggestive of poor performance) and
the change was not significant. At the 2™ follow up, only Traraka group showed sig-
nificantly improved performance when compared to the baseline scores (table 4.11,
4.15). A study done on, long-term Vihangam Yoga meditators (> 10 years of practice)
showed that meditators have superior cognitive abilities than non-meditators in the
old age group*™. The tests used were: (1) the Digit Span test, (2) the Stroop Color
Word test, (3) the Trailmaking test, (4) the Letter Cancellation Task, (5) the digit
symbol substitution test, and (6) the Rule Shift Card Test. Meditators showed better
performance in all the tests except digit span backward. The results of this study were
similar to our results. But, this study had long term meditators, whereas in our study
we recruited subjects who were not doing Yoga. The study period was only of 1
month; still we could show significant improvement in Trataka group. Thus we can

make a statement from our results that first time Yoga participants, if provided with
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just one month of Trataka intervention, can improve their executive and cognitive

functioning. This claim however needs to be tested in larger samples.

Results of RMANOVA:
The traditional analysis that is used to detect treatment outcomes in randomized lon-
gitudinal clinical trials was used — repeated measures analyses of variance
(RMANOVA). RMANOVA results showed that the executive functions in both the
groups improved over time (occasion effect). Though there was no significant group
effect, rraraka group showed significant improvement in TMT B scores over a month
period of the study as compared to the Wait list control group (Interaction effect).

With respect to SLCT scores there was a trend towards better improvement
(p=0.05) in Traraka group as compared to the wait list control group over the one
month period of the study (interaction effect). Here the SLCT scores SLCT scores re-
duced at the 2™ follow up (significant time effect but no group effect)

The above RMANOVA results validate our hypothesis that 7Traraka intervention
if provided for a one month period to elderly can help improve their cognitive func-

tions especially attention and concentration and executive functioning.

Sub Group analysis:

For the convenience of conducting intervention, half of the subjects in the Trataka
group were provided the intervention in the morning and the remaining half were
provided the intervention in the evening. Baseline analysis showed that there was sig-
nificant difference in TMT B and SLCT scores between morning group and evening
group, with scores higher in evening group than morning group. Hence post-hoc test
was conducted to check if there was any significant interaction effect (group X time)
after controlling for baseline scores using ANCOVA. Results show that there was no
significant difference between groups (people who practiced in morning as compared
to people who practiced in the evening) over the study period after controlling for
baseline differences, possibly because the researcher ensured that the room where the

trataka intervention was provided was similar in lighting irrespective of the time of
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the day (doors closed, curtains pulled) for the participants to see the light of the can-

dle clearly. From this result we can state that if the logistics for conducting trataka

are carefully maintained, then the time of the intervention does not seem to have a di-

rect effect on the outcome of the traraka intervention.

Other possible reasons for finding differences over the 1 month period could be as

follows:

a)

The group was at a stage when cognitive decline was a reality. All the aging indi-
viduals (after the age of 60) develop some degree of decline in cognitive capacity
as time progresses. Studies show that 16.8% of aged people have some form of

cognitive decline without the symptoms of dementia’’®

. If the study was done on
healthy young subjects then we might not have got the significant difference, be-

cause of ‘ceiling effect’.

b) Another reason for the significant result could be that majority of the participants

of the study had never been exposed to Trataka or any Yoga intervention earlier.
A few of the participants, who had earlier learnt Yoga, had either discontinued or
had not practiced it for the past 3 months. In such a case, we believe that the ef-
fect of traraka was pronounced as there was a not previous or past effect of any
similar intervention. , they showed better results.

The fact that we got significant results to show that ¢raraka practice for one month
is effective in improving cognitive functions was because we believe that the
scales used in this study were sensitive enough to tap the cognitive improvement
in the elderly after the traraka intervention. 3 tests used in this study were digit
span test, TMT B, SLCT. Digit span evaluates short-term memory and working
memory. SLCT measures selective and focused attention, concentration, visual scanning
as well as activation and inhibition of rapid responses. While TMT B is a measure of vis-
ual scanning, complex attention, psychomotor speed mental flexibility, and executive
functions. Though not developed specifically to test the effect of sraraka, these
widely used tests have shown that they can tap significant changes post Yoga in-

tervention.
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d) Studies have time and again discussed the importance of the prolonged practice of
Yoga* """ \We assessed the cognitive functions immediately after the one ses-
sion of traraka and after one month of continuous daily practice. The results pro-
nounced that there was no significant difference between groups at the end of one
session (1% follow-up), however significant group and time differences including
interaction effects were observed at the end of one month of intervention. Hence
we believe that our study results validate earlier quoted studies which advocate
for prolonged duration (number of days) of practice of Yogaltrataka for desirable
effects.

e) Not many studies have been conducted to test the efficacy of Traraka, and there
was no way of knowing the optimum level of Traraka practice that should be pro-
vided to participants for desirable effects in cognition. The current study showed
that 1 day of practice was not sufficient to produce changes in the cognitive func-
tions, whereas one month follow up showed significant changes. From the results
of our study, we can draw the inference that one month of #raraka intervention is

the optimum duration to produce changes in cognitive functions in elderly.

The results of this study establish that Trataka can be used as a technique to enhance cog-
nition in the elderly. The trataka intervention is easy to learn, implement and adhere. Fur-
ther trataka, after the initial few sessions, can be practiced independently by the partici-
pant to achieve desired results. For researchers, this study could provide a substantial

base for conducting future trials to test the efficacy of trataka in controlled experiments.
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CHAPTER 6
SUMMARY
AND
CONCLUSIONS



6.1. SUMMARY

Cognition refers to the mental process by which external or internal input is transformed,
reduced, elaborated, stored, recovered, and used. It is the process by which we understand
process information, make judgments and decisions, and communicate knowledge to oth-
ers'’®. It is well established that aging is associated with a gradual impairment of cogni-

tive functions'’’

. Age-related decline in cognitive abilities varies considerably across in-
dividuals and across cognitive domains. Various cognitive domains show different de-
grees of susceptibilities to aging. Yoga practices have various health benefits including
the ability to improve cognition and thereby preventing cognitive impairments and de-
mentia.

A review of literature [Randomized clinical trials (RCTs) and non-randomized
clinical trials (NRCTSs)] suggested that various Yoga practices improve different cognitive
domains. Yoga has seen to improve cognitive functions such as remote memory, mental
balance, attention and concentration, delayed and immediate recall, executive functions,
verbal retention and recognition tests’®. In this study we attempted to use one of the
Yoga techniques (7rataka) in the elderly subjects. The aim of the study was to evaluate
the efficacy of Trataka in improving cognitive functions of the elderly subjects.

To achieve the aim of the study, informed consent was taken from 60 subjects,
who expressed their willingness to participate in the study. The 60 subjects were random-
ized into 4 blocks (approximately 15 particiapnts in each block) — two blocks randomized
into trataka group and two block randomized into wait-list control group. The trataka
group was provided intervention for 30 mins every day, six days a week for 1 month. Da-
ta on the Digit span test (DST; for assessing memory), Trail Making Test (TMT-B; for
assessing executive functions and Six letter cancellation test (SLCT; for assessing atten-
tion and concentration) was taken on Day 1 (pre and post intervention) and at the end of 1
month. The wait list control group was not given any intervention but data (DST, TMT-
B, SLCT) was taken before and after 30 mins of quite sitting on Day 1 and on 30" day.
Two groups were provided the intervention in the morning and another two groups were
provided the intervention in the evening. Time to conduct the intervention was fixed ac-

cording to the participant’s convenience, either morning or evening. Apart from the inter-
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vention in the Trataka group, subjects in both the groups were asked to carry on with
their daily routine. The procedure used for Trataka session was adapted from the book
‘Yoga for promotion of positive health’. On advice of expert Yoga consultant, some
changes were made in the procedure to suit the elderly population. Chanting was includ-
ed, focusing time was reduced and defocusing time was increased to twice of that of fo-
cusing time. Timing of focusing and defocusing was also increased gradually over the
days, till they reached the same ratio (i.e. 1:1, focusing: Defocusing). Concept of dhyana
was introduced and subjects were asked to feel the expansion at the time of palming.

The data at baseline was assessed with tests for normality using Shapiro-wilk test.
As the data was found to be normal for TMT B (trataka: statistics = 0.931, p = 0.05; con-
trol: statistics = 0.929, p = 0.09) and SLCT (#rataka statistics = 0.957, p = 0.24; control
statistics = 0.946; p = 0.22) parametric tests such as paired sample t tests, independent
sample t test, and RMANOVA was used to analyze the data. In case of the digit span test
as the data was not found to be normally distributed (zrataka statistics = 0.845, p = 0.00;
control statistics = 0.931, p= 0.72), non-parametric tests such as Mann —Whitney, Wil-
coxon Sign Rank test and Friedman’s test were used to analyze the digit span test scores.

There were no group differences at baseline in all three outcome variables. The
Mann-Whitney test showed that there was no significant difference between groups at the
1% follow-up; however there was a trend towards improved scores in the trataka group at
the 2" follow-up (Mann Whitney value: 196.5; p = 0.06). The independent sample t test
analysis showed that there was no significant difference between the groups in the 1% and
2" follow-up for TMT-B and SLCT test scores. However there was a trend observed in
TMT-B scores at the 2™ follow-up in the #ataka group (t value: - 1.8; p = 0.08).

Bonferroni adjustment was conducted as there were multiple comparisons to ana-
lyze the time effect. The Friedman test showed that there was a significant improvement
in digit spans scores over time (from baseline to 2" follow-up; chi sq = 15.44; p = 0.00)
after Bonferroni correction. The paired sample t test also showed that there was signifi-
cant improvement over time (from Baseline to 1% follow-up, baseline to 2" follow-up
and 1% follow-up to 2" follow-up) in the Trataka group for TMT scores (p< 0.01) after

bonferroni correction. However the wait-list control group showed no improvement over
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time in the (1) Digit span scores on Friedman test (ch sq = 1.3; p = 0.52), and (2) TMT-B
and SLCT scores on paired sample ttest (Bonferroni adjusted p value >0.016).

Repeated measures analyses of variance (RMANOVA) showed that trataka group
had significant lower TMT scores over time (time X group: interaction effect) as com-
pared to the control group and a trend towards significance in SLCT scores. A compari-
son of those who underwent trataka in morning as compared to those who underwent the
intervention in the evening showed significant baseline scores in SLCT and TMT B
scores. After controlling for baseline differences, it was observed on the ANCOVA that
there was no significant difference between the morning and evening group in either
TMT-B (f=0.5; p=0.67) or SLCT scores (f = 1.04, p = 0.36; interaction effect).

6.2. CONCLUSION
These results establish that Trataka can be used as a technique to enhance cognition.
Meditation affects multiple pathways that could play a role in brain aging and mental fit-
ness. Meditation practices have various health benefits including the possibility of pre-
serving cognition and preventing dementia. Further, meditation is seen to strengthen neu-
ronal circuits and enhances cognitive reserve capacity. Meditation practitioners are found
to have a lower age-related decline in thickness of specific cortical regions. Since,
Trataka is considered as preparatory practice for meditation (with the same steps in-
volved dharana, dhyana), it can be inferred from the results of this study that it has simi-
lar health benefits for improving cognition in elderly.

Further this study also advocates that if traraka is provided to a group which is
prone for cognitive decline and to those who have not been exposed to any cognition im-
proving interventions, it can be helpful in improving their cognition. Since the results
suggest that there was no significant improvement after one trataka session, long term
practice of trataka (according to this study an optimum duration of one month) is advo-

cated to bring about the required change in cognition.
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6.3. STRENGTHS OF THE STUDY:

e Randomized block design (RBD) was used in this study. RBD’s eliminates any bias
in treatment assignment, specifically selection bias and confounding. It maximiz-
es statistical power, especially in subgroup analyses.

e Scales used were popular and standardized neuropsychological tests which had high
reliability and validity. Even though not specifically developed for testing effective-
ness of Yoga practices, these tests are widely used to analyse the cognitive functions
in different conditions.

e Intervention was provided to the sample that needed the intervention. All the aging
individuals (after the age of 60) develop some degree of decline in cognitive capacity
as time progresses. Subjects had not received any form of cognition enhancing inter-
vention earlier, and were in need of one. Thus the intervention provided was need-

specific.

6.4. LIMITATIONS OF THE STUDY:

e Since the sampling was done only in 2 old age homes in Goa, it cannot represent the
whole population of elderly subjects in Goa. Generalizability is thus limited because
of cultural variations.

e Sample size was small. The total sample was 60 based on earlier sample size calcula-
tions and post attrition, the sample size for analysis was reduced to 48. The results of
the current study showed that there was a trend towards significance in the trataka
group in the between group analysis (group effect) for some outcome variables. In
this context a larger sample size could have depicted significant differences between
groups.

e Only three outcome variables were used in the study. Age related cognitive decline
can be seen in different cognitive domains (e.g: speed of processing, spatial ability,
reasoning, etc.) and varies individually. Further the effect of Traraka could have been
observed on many other cognitive functions, which were not evaluated. Further stud-
ies can be conducted to test the effect of #rataka on different neurological test batter-
ies.
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6.5. IMPLICATIONS OF THE STUDY::

e At present, no established Yoga treatment exists for cognitive impairment for the el-
derly. Hence Trataka practice which shows some promise can be considered as a pre-
ventive measure for cognitive decline.

e The trataka intervention is easy to learn and implement, as compared to any of the
other cognitive therapies, which require the participant to undergone multiple ses-
sions of therapy. Further the zrataka sessions most often after the initial few sessions,
can be practiced independently by the participant, whereas most of the cognitive psy-
chotherapies require the therapist to be directive and guide the participant to achieve
desired results.

e As Trataka practice requires person to sit at one place and the practice is only of 30
mins, long term adherence of this practice could be higher. Further studies on the ad-
herence and long-term follow-up of trataka practice in the community could possibly
answer these questions.

e For researchers of AYUSH, this study would provide a substantial base for conduct-
ing future trials to try the efficacy of trataka in controlled experiments.

6.6. SUGGESTIONS FOR THE FUTURE:

e Study with a larger sample size should be conducted. Since we started the study with
60 subjects and there was attrition of 12, so future studies can be conducted with larg-
er sample size, accounting for attrition.

e Combinations of cognition enhancing Yoga techniques can be attempted to test their
efficacy in improving cognitive functions. Different Yoga techniques have shown the
efficacy in improving cognitive functions separately. Kapalabhati, Bhramari,
Bhastrika, relaxation techniques are some of the techniques which have shown to im-
prove cognition and can be combined together.

e We studied the effect of Trataka on healthy elderly subjects; similarly study can be
done on subjects known to have cognitive deficits such as patients with mild cogni-
tive impairment or dementia, schizophrenia, children with attention deficit hyperac-
tivity disorder (ADHD) etc.
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Combinations of Yoga and other cognitive interventions (such as Cognitive Behav-
iour Therapy; neuropsychological retraining etc) can be tried in separate or a com-
bined single design study. This will give a chance to compare between different inter-
ventions and to know the effects of each individual and combined treatment.

Mechanism of how Trataka practice improves cognitive function can be studied, by
seeing the effect of Traraka on electroencephalogram (EEG), structural neuroimaging

and BDNF.

88



REFERENCES

! papalia DE, Wendkos OS, Feldman RD. Physical and Cognitive Development in Late
Adulthood. Human Development. 11" ed. New York: Mc-Graw Hill; 2009.

2 American Psychological Association. Publication manual of the American
Psychological Association. 6th ed. Washington DC: American Psychological Association;
2010.

® World Health Organization. Definition of an older or elderly person:Health statistics and
health information systems ; 2013. Available
from:http://www.who.int/healthinfo/survey/ageingdefnolder/en/

* World Health Organization. Ageing and Life Course:Programmes and project; 2013.
Available from: http://www.who.int/ageing/en/.

> United Nations Department of Economic and social affairs. Aging:Populations
Division; 2013. Available from:
http://www.un.org/en/development/desa/population/theme/ageing/index.shtml

® Ljiljana P. Social and health problems of the elderly. Acta Medica Medianae.
2007;46(2):45-48.

" Ljiljana P. Social and health problems of the elderly. Acta Medica Medianae.
2007;46(2):45-48.

8 Birren JE, Butler RN, Greenhouse SW, Sokoloff L, Yarrow MR. Human aging: A
biological and behavioral study. US: US Dept of Health, Education, & Welfare; 1963.

% Alliance for Aging Research & American Federation for Aging Research. Putting aging
on hold: Delaying the disease of old age. Washington, DC; 1995. Available from:
http://www.agingresearch.org/content/article/detail/700.

19 Bijrren JE, Butler RN, Greenhouse SW, Sokoloff L, Yarrow MR. Human aging: A
biological and behavioral study. US: US Dept of Health, Education, & Welfare; 1963.

1 Medina JJ. The clock of ages — why we age-how we age-winding back the clock. New
York: Cambridge University Press; 1996.

'2Science daily. How Aging Impairs Immune Response. Albert Einstein College of

Medicine of Yeshiva University; 2012. Available from:

89


http://www.who.int/healthinfo/survey/ageingdefnolder/en/
http://www.who.int/ageing/en/
http://www.un.org/en/development/desa/population/theme/ageing/index.shtml
http://www.agingresearch.org/content/article/detail/700

http://lwww.sciencedaily.com/releases/2012/07/120717162133.

3 Neil A, Fenske MD. Structural and functional changes of normal aging skin. Journal of
the American Academy of Dermatology. 1986;15(4):571-585

14 campbell AJ, Reinken J, Allan BC, et al. Falls in old age: a study of frequency and
related clinical factors. Age Ageing. 1981;10:264-270.

> Rubenstein LZ, Josephson KR, Osterweil D. Falls and fall prevention in the nursing
home. Clinics in Geriatric Medicine. 1996;12(4):881-902.

16 Kay DW, Bergmann K. Epidemiology of mental disorders among the aged in the
community. Handbook of Mental Health and Aging. Englewood Cliffs, NJ:Prentice-
Hall; 1980:34-56.

7 David LS, John C, et al. The Epidemiology of Psychological Problems in the Elderly.
Can J Psychiatry. 2006;52:185-191.

8 Klenfeldt IF, Karlsson B, Sigstrom R, et al. Prevalence of Obsessive-Compulsive
Disorder in Relation to Depression and Cognition in an Elderly Population. Am J Geriatr
Psychiatry. 2013;1064-7481(12)00047-4.

¥ squire LR. Memory and Brain. New York: Oxford Univ Pr; 1987.

20 Schacter DL. Searching for Memory: The Brain, the Mind, and the Past. New York:
Basic Books; 1997:280-308.

2! McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under the
auspices of Department of Health and Human Services Task Force on Alzheimer’s
Disease. Neurology. 1984;34:939-44.

22 Jason HT, Karlawish, Christopher MC. Diagnostic Evaluation of Elderly Patients with
Mild Memory Problems. Ann Intern Med. 2003;138(5):411-419.

2% Smith E, Jonides J. Storage and executive processes in the frontal lobes. Science. 1999;
283:1657-1661.

2 Gray JR, Braver TS, Raichle ME. Integration of emotion and cognition in the lateral
prefrontal cortex. Proc Natl Acad Sci. 2002;99:4115-4120.

2% Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity

90


http://www.sciencedaily.com/releases/2012/07/120717162133.htm
http://www.sciencedirect.com/science/article/pii/S0190962286702089
http://www.sciencedirect.com/science/journal/01909622
http://www.sciencedirect.com/science/journal/01909622

and diversity of executive functions and their contributions to complex “frontal lobe”
tasks: a latent variable analysis. Cogn Psychol. 2000;41:49-100.

26 West RL: An application of prefrontal cortex function theory to cognitive aging.
Psychol Bull. 1996;120:272-292.

2" Selene C, Evelia HR. The decline of verbal and visuospatial working memory across
the adult life span. Age. 2013. [Epub ahead of print].

%8 Nicole MR, Angela HG. False Memory in Aging Resulting From Self-Referential
Processing. J Gerontol B Psychol Sci Soc Sci; 2013. [Epub ahead of print].

2° Moshe NB. Adult Age Differences in Memory Performance: Tests of an Associative
Deficit Hypothesis. Journal of Experimental Psychology: Learning, Memory, and
Cognition. 2000;26(5):1170-1187.

% Buckner RL. Memory and Executive Function in Aging and AD: Multiple Factors that
Cause Decline and Reserve Factors that Compensate. Neuron. 2004;44( 1):195-208.

31 Kramer AF, Hahn S, Cohen NJ, et al. Ageing, fitness and neurocognitive function. Na-
ture. 1999;400(6743):418-4109.

%2 Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart: exercise effects
on brain and cognition. Nat Rev Neurosci. 2008;9(1):58-65.

%% Sofia B, Barry S, Jennifer LB. Distinct manifestations of executive dysfunction in
aged rats. Neurobiology of aging. 2013. http://dx.doi.org/10.1016/j.bbr.2011.03.031

% Randy L. Buckner. Memory and Executive Function Review in Aging and AD:
Multiple Factors that Cause Decline and Reserve Factors that Compensate. Neuron.
2004:44:195-208.

% Schacter DL, Kaszniak AW, Kihlstrom JF, Valdiserri M. The relation between source
memory and aging. Psychol. Aging. 1991;6:559-568.

% Johnson MK, Hashtroudi S, Linday DS. Source monitoring. Psychol. Bull. 1993;114:
3-28.

%" West RL. An application of prefrontal cortex function theory to cognitive aging.
Psychol. Bull. 1996;120:272-292.

% Kennedy KM, Raz N. Aging white matter and cognition: differential effects of regional

91


http://www.sciencedirect.com/science/journal/08966273/44/1
http://www.neurobiologyofaging.org/article/S0197-4580(13)00132-2/abstract
http://www.neurobiologyofaging.org/article/S0197-4580(13)00132-2/abstract
http://www.neurobiologyofaging.org/article/S0197-4580(13)00132-2/abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=Kennedy%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=19166865
http://www.ncbi.nlm.nih.gov/pubmed?term=Raz%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19166865

variations in diffusion properties on memory, executive functions, and speed.
Neuropsychologia. 2009;47(3):916-27.

% Buckner RL. Memory and executive function in aging and AD: multiple factors that
cause decline and reserve factors that compensate. Neuron. 2004;44(1):195-208.

“ Ylikoski R, Ylikoski A, Erkinjuntti T, Sulkava R, Raininko R, Tilvis R. White matter
changes in healthy elderly persons correlate with attention and speed of mental
processing. Arch Neurol. 1993;50(8):818-24.

* Neisser, U. Cognitive psychology. Englewood Cliffs, NJ: Prentice-Hall; 1967.

2 Robert AW, Frank CK. MIT Encyclopedia of Cognitive Science. A Bradford Book.
Massachusetts London: The MIT Press Cambridge; 2001.

* Crooks RL, Stein J. Psychology: Science, Behavior and Life. Fort Worth: Holt,
Rinehart and Wiston Inc; 1991.

* Charan R, Robert SB. Doubts about double dissociations between short- and long-term
memory. TRENDS in Cognitive Sciences. 2005;9(8):374-380.

*® Anderson, John R. Cognitive psychology and its implications. 6th ed. New York:Worth
Publishers; 2005:519.

“® Elliott R. Executive functions and their disorders. British Medical Bulletin. 2003;(65):
49-59.

" Monsell S. Task switching. TRENDS in Cognitive Sciences. 2003;7(3):134-140.

* Chan RC, Shum D, Toulopoulou T, Chen EY. Assessment of executive functions:
Review of instruments and identification of critical issues. Archives of Clinical
Neuropsychology. 2008;23(2):201-216.

* Amira AD, Cédric TA, Geoffroy B, Michel A. Swimming as a Positive Moderator of
Cognitive Aging: A Cross-Sectional Study with a Multitask Approach. Journal of Aging
Research. 2012;2012. Article ID 273185, 12 pages. doi:10.1155/2012/273185

% panza F, Frisardi V, Capurso C, D'Introno A, Colacicco AM, Chiloiro R, et al. Effect of
donepezil on the continuum of depressive symptoms, mild cognitive impairment, and
progression to dementia. Journal of the American Geriatrics Society. 2010;58(2):389-90.

L Simon SS, Yokomizo JE, Bottino CM. Cognitive intervention in amnestic Mild

92


http://www.ncbi.nlm.nih.gov/pubmed/19166865
http://www.ncbi.nlm.nih.gov/pubmed?term=Buckner%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=15450170
http://www.ncbi.nlm.nih.gov/pubmed/15450170
http://www.ncbi.nlm.nih.gov/pubmed?term=Ylikoski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed?term=Ylikoski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed?term=Erkinjuntti%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed?term=Sulkava%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed?term=Raininko%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed?term=Tilvis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8352667
http://www.ncbi.nlm.nih.gov/pubmed/8352667
http://en.wikipedia.org/wiki/John_Robert_Anderson_(psychologist)
http://books.google.com/?id=9P4p6eAULMoC
http://www.hindawi.com/35963984/
http://www.hindawi.com/10830695/
http://www.hindawi.com/20493215/

Cognitive Impairment: A systematic review. Neurosci Biobehav Rev. 2012;36(4):1163-
1178.

°2 Roberts RO, Geda YE, Cerhan JR, Knopman DS, Cha RH, Christianson TJ, et al.
Vegetables, Unsaturated Fats, Moderate Alcohol Intake, and Mild Cognitive Impairment.
Dementia and Geriatric Cognitive Disorders. 2010;29(5):413-423.

> Mariangela R, Annalisa O, Milena F, Marco M, Neldo A, Roberta C, et al. Effects of a
diet integration with an oily emulsion of DHA-phospholipids containing melatonin and
tryptophan in elderly patients suffering from mild cognitive impairment. Nutr Neurosci.
2012;15(2):46-54.

*  McCaddon A, Hudson P, Davies G, Hughes A, Williams JH, Wilkinson
C. Homocysteine and cognitive decline in healthy elderly. Dement Geriatr Cogn Disord.
2001;12(5):309-313.

> Galante E, Venturini G, Fiaccadori C. Computer-based cognitive intervention for
dementia: preliminary results of a randomized clinical trial. G Ital Med Lav Ergon.
2007;29(3 Suppl B):B26-32.

% Amira AD, Cédric TA, Geoffroy B, Michel A. Swimming as a Positive Moderator of
Cognitive Aging: A Cross-Sectional Study with a Multitask Approach. Journal of Aging
Research. 2012;2012. Article 1D 273185, 12 pages. doi:10.1155/2012/273185

> Colcombe SJ, Erickson Kl, Raz N, et al., Aerobic fitness reduces brain tissue loss in
aging humans. Journals of Gerontology A. 2003;58(2):176-180.

%8 \Voelcker RC, Godde B, Staudinger UM. Physical and motor fitness are both related to
cognition in old age. European Journal of Neuroscience. 2010;31(1):167-176.

> Fratiglioni L, Paillard BS, Winblad B. An active and socially integrated lifestyle in late
life might protect against dementia. Lancet Neurology. 2004;3(6):343—-353.

% |arson EB, Wang L, Bowen JD, McCormick WC, Teri L, Crane P, Kukull W. Exercise
is associated with reduced risk for incident dementia among persons 65 years of age and
older. Annals of Internal Medicine. 2006;144(2):73-81.

%1 Matthews MM, Williams HG. Can Tai chi enhance cognitive vitality? A preliminary

study of cognitive executive control in older adults after A Tai chi intervention. Journal of

93


http://content.karger.com/ProdukteDB/produkte.asp?typ=pdf&doi=51275
http://www.hindawi.com/35963984/
http://www.hindawi.com/10830695/
http://www.hindawi.com/20493215/

the South Carolina Medical Association. 2008;104(8):255-257.

%2 Man D, Tsang W, Hui-Chan C. Do older T'ai Chi practitioners have better attention

and memory function? Journal of Alternative & Complementary Medicine. 2010;16(12):
1259-1264.

% Chan A, Ho Y, Cheung M, Albert M, Chiu H, Lam L. Association between mind-body
and cardiovascular exercises and memory in older adults. J Am Geriatr Soc.
2005;53(10):1754-1760.

% Apte SV. Practical Sanskrit English Dictionary. Delhi: Motilal Banarasidas Publishers;
1992,

% Nagendra HR, Nagrathana R. Promotion of Positive Health. Bangalore: Swami Vive-
kananda Yoga Prakashana; 2001.

% Gharote ML, Parimal D, Jha VK. Hatharatnavali-a treatise on hathayoga; 2009.

®" Niranjanananda SS. Dharana darshan-yogic, tantric and upanishadic practices of
concentration and visualizations. 2" ed. Munger, Bihar:Yoga Publications trust; 2003.

% Niranjanananda SS. Yoga Darshan- vision of the yoga Upanishads. Munger,
Bihar:Yoga Publications trust; 2002.

® Nagendra HR, Nagrathana R. Promotion of Positive Health. Bangalore: Swami
Vivekananda Yoga Prakashana; 2001.

0 Joshi M, Telles S. Immediate effects of right and left nostril breathing on verbal and
spatial scores. Indian J Physiol Pharmacol. 2008;52(2):197-200.

™ Telles S, Raghuraj P, Maharana Set al. Immediate effect of three yoga breathing
techniques on performance on a letter-cancellation task. Percept Mot Skills.
2007;104(2):1289-96.

"2 Telles S, Raghuraj P, Arankelle D, Naveen K V. Immediate effect of high frequency
yoga breathing on attention. Indian J Med Sci. 2008;62(1):20-2.

"3 Sarang SP, Telles S. Changes in p300 following two yoga-based relaxation techniques.
Int J Neurosci. 2006;116(12):1419-30.

™ Sarang SP, Telles S. Immediate effect of two yoga-based relaxation techniques on
performance in a letter-cancellation task. Percept Mot Skills. 2007;105(2):379-85.

94


http://www.ncbi.nlm.nih.gov/pubmed?term=Telles%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17879663
http://www.ncbi.nlm.nih.gov/pubmed?term=Raghuraj%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17879663
http://www.ncbi.nlm.nih.gov/pubmed?term=Maharana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17879663
http://www.ncbi.nlm.nih.gov/pubmed/18239268

"> Balaram P, Nagendra HR. Immediate effect of two yoga-based relaxation techniques
on attention in children. Int J Yoga. 2010; 3(2):67-609.

® Khemka SS, Rao NH, Nagarathna R. Immediate effects of two relaxation techniques
on healthy volunteers. Indian J Physiol Pharmacol. 2009 ;53(1):67-72.

" Kumar S, Telles S. Meditative states based onyogatexts and their effects on
performance of a letter-cancellation task. Percept Mot Skills. 2009;109(3):679-89.

’® Subramanya P, Telles S. Effect of two yoga-based relaxation techniques on memory
scores and state anxiety. Biopsychosoc Med. 2009;3:8.

® Balaram P, Nagendra H R. Effect of yoga relaxation techniques on performance of
digit—letter substitution task by teenagers. Int J Yoga. 2009;2(1):30-34.

8Subramanya P, Telles S. Performance on psychomotor tasks following two yoga-based
relaxation techniques. Percept Mot Skills. 2009;109(2):563-76.

81 Kozhevnikov M, Louchakova O, Josipovic Z et al. The enhancement of visuospatial
processing efficiency through Buddhist Deity meditation. Psychol Sci. 2009;20(5):645-
53.

82xiong GL, Doraiswamy PM. Does Meditation Enhance Cognition and Brain Plasticity?
Annals of the New York Academy of Sciences. 2009;1172:63-69.

8 Brett EF, Eric LG, Leslie AM, Joseph M. Neurocognitive correlates of the effects of
yoga meditation practice on emotion and cognition :a pilot study. Front Integr
Neurosci. 2012;6:48.

8 Prakash R, Dubey I, Abhishek P et al. Long-term Vihangam Yoga meditation and
scores on tests of attention. Percept Mot Skills. 2010;110(3 C):1139-48.

% Orme-Johnson DW. Commentary on the AHRQ report on research on meditation
practices in health. J Altern Complement Med. 2008;14(10):1215-21

% Srinivasan N, Baijal S. Concentrative meditation enhances preattentive processing: a
mismatch negativity study. Neuroreport. 2007;18(16):1709-12.

8 Elizabeth RV, Philip LG. Meditation and attention: A comparison of the effects of
concentrative and mindfulness meditation on sustained attention. Mental Health, Religion
& Culture. 1999;2(1):59-70.

95


http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagendra%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20178266
http://www.ncbi.nlm.nih.gov/pubmed?term=Telles%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20178266
http://www.ncbi.nlm.nih.gov/pubmed/20178266
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+two+yoga-based+relaxation+techniques+on+memory+scores+and+state+anxiety.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagendra%20HR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Subramanya%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20038010
http://www.ncbi.nlm.nih.gov/pubmed?term=Telles%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20038010
http://www.ncbi.nlm.nih.gov/pubmed/20038010
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neurocognitive+correlates+of+the+effects+of+yoga+meditation+practice+on+emotion+and+cognition+%3Aa+pilot+study
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neurocognitive+correlates+of+the+effects+of+yoga+meditation+practice+on+emotion+and+cognition+%3Aa+pilot+study
http://www.ncbi.nlm.nih.gov/pubmed?term=Orme-Johnson%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=19123876
http://www.ncbi.nlm.nih.gov/pubmed/19123876
http://www.ncbi.nlm.nih.gov/pubmed?term=Srinivasan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17921873
http://www.ncbi.nlm.nih.gov/pubmed?term=Baijal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17921873
http://www.ncbi.nlm.nih.gov/pubmed/17921873
http://www.tandfonline.com/loi/cmhr20?open=2#vol_2

8 Tang YY, Yan L, Leve LD, et al. Improving Executive Function and Its
Neurobiological Mechanisms Through a Mindfulness-Based Intervention: Advances
Within the Field of Developmental Neuroscience. Child Dev Perspect. 2012;6:361-366.
8 Raingruber B, Robinson C. The effectiveness of Tai Chi, yoga, meditation, and Reiki
healing sessions in promoting health and enhancing problem solving abilities of
registered nurses. Issues Ment Health Nurs. 2007;28(10):1141-55.

% Lisa F, Susan L, Jennifer M, et al. Effects of Mindful Awareness Practices on
Executive Functions in Elementary School Children. Journal of Applied School
Psychology. 2010;26(1):70-95.

%! Brett F, Eric G, et al. Yoga meditation practitioners exhibit greater gray matter volume
and fewer reported cognitive failures: Results of a preliminary Voxel-based
morphometric analysis. Evidenced based complementary and alternative medicine.
20120ct;2012:Article ID 821307, 8 pages.

%Gothe N, Pontifex MB, Hillman C, et al. The Acute Effects of Yoga on Executive
Function. J Phys Act Health. 2013;10(4):488-495.

%Chaya MS, Nagendra H, Selvam S et al. Effect of yogaon cognitive abilities in
schoolchildren from a socioeconomically disadvantaged background: a randomized
controlled study. J Altern Complement Med. 2012;18(12):1161-7.

% Rocha KK, Ribeiro AM, Rocha KC, et al. Improvement in physiological and
psychological parameters after 6 months of yoga practice. Conscious Cogn. 2012
:21(2):843-50.

% Chaya MS, Nagendra H, Selvam S et al. Effect of yoga on cognitive abilities in
schoolchildren from a socioeconomically disadvantaged background: a randomized
controlled study. J Altern Complement Med. 2012;18(12):1161-7

% Adele D, Kathleen L. Interventions shown to Aid Executive Function Development in
Children 4-12 Years Old. Science. 2011;333(6045):959-964.

" Rangan R, Nagendra HR, Ramachandra G. Effect of yogic education system and
modern education system on memory. Int J Yoga. 2009;2(2):55-61.

% Rangan R, Nagendra HR, Bhat R. Effect of yogic education system and modern

96


http://www.ncbi.nlm.nih.gov/pubmed?term=Raingruber%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17957554
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17957554
http://www.ncbi.nlm.nih.gov/pubmed/17957554
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaya%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22909321
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagendra%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22909321
http://www.ncbi.nlm.nih.gov/pubmed?term=Selvam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22909321
http://www.ncbi.nlm.nih.gov/pubmed/22909321
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rangan%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagendra%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhat%20GR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rangan%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagendra%20HR%5Bauth%5D

education system on sustained attention. Int J Yoga. 2009;2(1):35-38.

% p Balaji A, Smitha RV, Syed A. Physiological Effects of Yogic Practices and
Transcendental Meditation in Health and Disease. N Am J Med Sci. 2012;4(10):442—-448.
100 K hemka S, Nagendra HR, Alex H. Effect of integral yoga on psychological and health
variables and their correlations. Int J Yoga. 2011;4(2):93-99.

101 javadekar P, Manjunath NK. Effect of Surya Namaskar on Sustained Attention in
School Children. J Yoga Physther. 2012;2:110.

102 Manjunath NK, Telles S. Improved performance in the tower of London test following
yoga. Indian J Physiol Pharmacol. 2001;45(3):351-354.

193 Gothe N, Hillman C, McAuley E. The effect of acute yoga and aerobic exercise on
word memory and anxiety. BMC Complem Altern M. 2012;12(Suppl 1):127.

104 Nilesh G. Effect of yoga exercises on achievement, memory and reasoning ability. In-
ternational Journal for Research in Education. 2012;1(1):34-53.

15 Amit K, Neelam S. International Journal of Multidisciplinary Research. 2012;2(5):1-
14.

196 ffelen, Jannique GZ , Chin AP et al. The Effects of Exercise on Cognition in Older
Adults With and Without Cognitive Decline: A Systematic Review. Clin J Sports Med.
2008;18(6):486-500.

97 Wang D. The Use of Yoga for Physical and Mental Health Among Older Adults: A
Review of the Literature. Int J Yoga Therap. 2009;19(1):91-96.

198 Oken B, Zajdel D et al. Randomized, controlled six-month trial of yoga in healthy
seniors: Effect on cognition and quality of life. Altern Ther Health Med. 2006;12(1):40-
47

199 Jennifer AG, Herbert B et al. The relaxation response: Reducing stress and improving
cognition in healthy aging adults. Compl Ther Clin Pract. 2006;3(12):186-191

119 prakash R, Rastogi P, Dubey I et al. Long-term concentrative meditation and cognitive
performance among older adults. Neuropsychol Dev Cogn B Aging Neuropsychol
Cogn. 2012;19(4):479-94.

111 Kadambini A. Effect of yoga on performance in a planning task in tower of London

97


http://www.ncbi.nlm.nih.gov/pubmed/?term=Balaji%20PA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khemka%20SS%5Bauth%5D
http://iayt.metapress.com/content/712325087l78784j/
http://iayt.metapress.com/content/712325087l78784j/
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/journal/17443881/12/3
http://www.ncbi.nlm.nih.gov/pubmed?term=Prakash%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Rastogi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Dubey%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed/22149237
http://www.ncbi.nlm.nih.gov/pubmed/22149237

test. MSc thesis:SVYASA University; 2005.

112 Ravanth. Effect of bhramari pranayama on attention and concentration in healthy
adults. MSc thesis:SVYASA University; 2010.

113 Naorem S. Influence of bhastrika pranayama practice among young adults on their
immediate memory. MSc thesis:SVYASA University; 20009.

114 Manjunath NK. Yoga and geriatric care: an evaluation of positive health indicators.
Phd Thesis:SVYASA University; 2005.

5 Diller L, Ben YY, Gerstman LJ, Goodin R, Gordon W, Weinberg J. Studies in
scanning behavior in hemiplegia. Rehabilitation Monograph No. 50, Studies in cognition
and rehabilitation in hemiplegia. New York: New York University Medical Center,
Institute of Rehabilitation Medicine; 1974.

116 Reitan RM, Wolfson D. The Halstead—Reitan Neuropsycholgical Test Battery:
Therapy and clinical interpretation. Tucson, AZ: Neuropsychological Press; 1985.

7 \Wechsler DA. Wechsler Adult Intelligence Scale. 3™ ed. San Antonio: The
Psychological Corporation; 1997.

18Geldmacher DS. Effect of stimulus number, and target-to-distractor ratio, on the
performance of random array letter-cancellation tasks. Brain Cogn. 1996;32:405-15.
"Amieva H, Lafont S, Dartigues JF, Fabrigoule C. Selective attention in Alzheimer's
disease: Analysis of errors in Zazzo's cancellation task. Brain Cogn. 1999;40:26-9.
129Casco C, Tressoldi PE, Dellantonio A. Visual selective attention and reading efficiency
are related in children. Cortex. 1998;34:531-46.

2! adair JC, Na DL, Schwarz RL, Heilman KM. Analysis of primary and secondary
influences on spatial neglect. Brain Cogn. 1998;37:351-67.

22pglioti S, Smania N, Barbieri C, Corbetta M. Influence of stimulus salience and
attentional demands on visual search patterns in hemispatial neglect. Brain Cogn.
1997;34:388-403.

12%Na DL, Adair JC, Kang Y, Chung CS, Lee KH, Heilman KM. Motor perseveration
behavior on a line cancellation task. Neurology. 1999;52:1569-76.

124 | auer CJ, Gorzewski B, Gerlinghoff M, Backmund H, Zihl J. Neuropsychological

98



assessment before and after treatment in patients with anorexia nervosa and bulimia
nervosa. J Psychiatr Res. 1999;33:129-38.

12Rosselli M, Ardila A, Rosas P. Neuropsychological assessment in illiterates. Brain
Cogn. 1990;12:281-96

126K apczinski F, Curran HV, Przemioslo R, Williams R, Fluck E, Fernandes C, et al .
Cognitive impairments of alcoholic cirrhotic patients: Correlation with endogenous
benzodiazepine receptor ligands and increased affinity of platelet receptors. J Neurol
Neurosurg Psychiatry. 1996;60:676-80.

2Richer F, Decary A, Lapierre MF, Rouleau I, Bouvier G, Saint-Hilaire JM. Target
detection deficits in frontal lobectomy. Brain Cogn. 1993;21:203-11.

28Natu MV, Agarwal AK. Testing of stimulant effects of coffee on the psychomotor
performance: an exercise in clinical pharmacology. Indian J Pharmacol. 1997;29:11-14.
129 Singh AK. Tests, Measurements and Research Methods in Behavioral Sciences. Patna,
India: BharatiBhawan; 2002.

139 ezak MD. Neuropsychological Assessment, 3rd edn. New York, NY: Oxford
University Press; 1995.

BIReitan RM, Wolfson D. The Halstead—Reitan Neuropsycholgical Test Battery: Therapy
and clinical interpretation. Tucson, AZ: Neuropsychological Press; 1985.

132) ezak MD. Neuropsychological assessment.3rd ed. New York: Oxford University
Press; 1995.

1333preen O, Strauss E. A compendium of neuropsychological tests: Administration,
norms and commentary. 2nd ed. New York: Oxford University Press; 1998.

13%sanchez  CI, Periafiez JA, Adrover-Roig D, Rodriguez-Sanchez JM, Rios-Lago
M, Tirapu J, Barcel6 F. Construct validity of the Trail Making Test: role of task-
switching, working memory, inhibition/interference control, and visuomotor abilities. J
Int Neuropsychol Soc. 2009;15(3):438-50.

1% Nagendra HR, Nagrathana R. Promotion of Positive Health. Bangalore: Swami
Vivekananda Yoga Prakashana; 2001.

136 Altman DG, Schultz KF, Moher D, Egger M, Davidoff F, Elbourne D, Cotzsche PC,

99


http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A1nchez-Cubillo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19402930
http://www.ncbi.nlm.nih.gov/pubmed?term=Peri%C3%A1%C3%B1ez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19402930
http://www.ncbi.nlm.nih.gov/pubmed/19402930
http://www.ncbi.nlm.nih.gov/pubmed/19402930

Lang T. The revised CONSORT statement for reporting randomized trials: explanation
and elaboration. Annals of International Medicine. 2001;134: 663-94.

37 |Lavretsky H, Epel ES, Siddarth P, Nazarian N, Cyr NS, Khalsa DS, Lin J, et al. A pilot
study of yogic meditation for family dementia caregivers with depressive symptoms:
effects on mental health, cognition, and telomerase activity. Int J Geriatr Psychiatry.
2013;28(1):57-65.

138 Galantino ML, Greene L, Daniels L, Dooley B, Muscatello L, O'Donnell L. Longitu-
dinal impact of yoga on chemotherapy-related cognitive impairment and quality of life in
women with early stage breast cancer: a case series. Explore (NY). 2012;8(2):127-35.

139 Velikonja O, Curi¢ K, Ozura A, Jazbec SS. Influence of sports climbing and yoga on
spasticity, cognitive function, mood and fatigue in patients with multiple sclerosis. Clin
Neurol Neurosurg. 2010;112(7):597-601

149 McDonnell MN, Smith AE, Mackintosh SF. Aerobic exercise to improve cognitive
function in adults with neurological disorders: a systematic review. Arch Phys Med Re-
habil. 2011;92(7):1044-52.

141 Manjunath NK.Yoga and geriatric care: an evaluation of positive health indicators.
Phd Thesis: SVYASA; 2005.

142 Jennifer AG, Herbert B et al. The relaxation response: Reducing stress and improving
cognition in healthy aging adults. Compl Ther Clin Pract. 2006;3(12):186-191

143 Wechsler DA. Wechsler Adult Intelligence Scale. 3rd ed. San Antonio: The
Psychological Corporation; 1997.

144 Kapczinski F, Curran HV, Przemioslo R, Williams R, Fluck E, Fernandes C, et al .
Cognitive impairments of alcoholic cirrhotic patients: Correlation with endogenous
benzodiazepine receptor ligands and increased affinity of platelet receptors. J Neurol
Neurosurg Psychiatry. 1996;60:676-80.

*Richer F, Decary A, Lapierre MF, Rouleau |, Bouvier G, Saint-Hilaire JM. Target
detection deficits in frontal lobectomy. Brain Cogn. 1993;21:203-11.

198 ezak MD. Neuropsychological assessment. 3rd ed. New York: Oxford University
Press; 1995.

100


http://www.ncbi.nlm.nih.gov/pubmed/22385567
http://www.ncbi.nlm.nih.gov/pubmed/22385567
http://www.ncbi.nlm.nih.gov/pubmed/22385567
http://www.ncbi.nlm.nih.gov/pubmed/20371148
http://www.ncbi.nlm.nih.gov/pubmed/20371148
http://www.ncbi.nlm.nih.gov/pubmed/21704783
http://www.ncbi.nlm.nih.gov/pubmed/21704783
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/journal/17443881/12/3

%"Spreen O, Strauss E. A compendium of neuropsychological tests: Administration,

norms and commentary . 2nd ed. New York: Oxford University Press; 1998.

148 Matarazzo JD, Wiens AN, Matarazzo RG, Goldstein SG. Psychometric and clinical
test-retest reliability of the Halstead Impairment Index in a sample of healthy, young,
normal men. The Journal of Nervous and Mental Disease. 1974;188(1), 37-49.

%% Telles S, Nagarathna R, Vani PR, Nagendra HR. A combination of focusing and defo-
cusing through yoga reduces optical illusion more than focusing alone. Indian Journal of
Physiology and Pharmacology. 1997;41(2):179-182.

59 Taimini IK. The science of yoga. Madras: The Theosophical Publishing House, 2005:
275-278.

31 jha AP, Krompinger J, Baime MJ.Mindfulness training modifies subsystems of atten-
tion. Cognitive, Affective, & Behavioral Neuroscience. 2007;7(2):109-119

152 Lutz A, Slagter HA, Rawlings NB, Francis AD, Greischar LL, Davidson RJ. Mental
Training Enhances Attentional Stability: Neural and Behavioral Evidence. The Journal of
Neuroscience. 2009;29(42):13418 —13427.

153 Taimini IK. The science of yoga. Madras: The Theosophical Publishing House, 2005:
278-280.

>4 Telles S, Naveen KV, Balkrishna A. Meditation and attention: a comment on a recent
article. Perceptual and Motor Skills. 2010;111:918-920.

13 Telles S, Bhat RR, Visweswaraiah N, Nandi KM, Kumar S, Pailoor S. Changes in Au-
tonomic Variables Following two Meditative States Described in Yoga Texts. The jour-
nal of alternative and complementary medicine. 2012;0(0):1-8.

158 | utz A, Slagter HA, Rawlings NB, Francis AD, Greischar LL, Davidson RJ. Mental
Training Enhances Attentional Stability: Neural and Behavioral Evidence. The Journal of
Neuroscience. 2009;29(42):13418 —13427.

137 Telles S, Bhat RR. Neurophysiological Changes in Meditation Correlated with
Descriptions from the Ancient Texts. 2011;39(2).

18 GL Xiong, PM Doraiswamy. Does Meditation Enhance Cognition and Brain

101



Plasticity?. Annals of the New York Academy of Sciences. 2009;1172:63-69.

19 Guglietti CL, Daskalakis zJ, Radhu N, Fitzgerald PB, Ritvo P. Meditation-related
increases in GABAB modulated cortical inhibition. Brain Stimul. 2013;6(3):397-402.

180 5ara W. Lazara, Catherine E. Kerrb, Rachel H. Wasserman, et al. Meditation experi-
ence is associated with increased cortical Thickness. Neuroreport. 2005;16(17): 1893—
1897.

181 Feng Z, Zhang JT. Protective effect of melatonin on beta-amyloid-induced apoptosis
in rat astroglioma c6 cells and its mechanism. Free Radic Biol Med. 2004;37(11):1790-
801.

182 5olberg EE, Holen A, Ekeberg O, Osterud B, Halvorsen R, Sandvik L. The effects of
long meditationon  plasma  melatonin  and blood serotonin. Med  Sci
Monit. 2004;10(3):CR96-101.

163 subramanya P, Telles S. Effect of two yoga-based relaxation techniques on memory
scores

and state anxiety. BioPsychoSocial Medicine. 2009;3(8).

164 sarang SP, Telles S. Immediate effect of two yoga-based relaxation techniques on
performance in a letter-cancellation task. Perceptual and Motor Skills. 2007;105:379-385.
165 Jennifer AG, Herbert B. The relaxation response: Reducing stress and improving
cognition in healthy aging adults. Complementary Therapies in Clinical Practice.
2006;3(12) :186-191.

166 saltz E. Menifest anxiety: have we missed the data?. Psycho Rev. 1970;77:568-573.
187 Graham JE, Rockwood K, Beattie BL, Eastwood R, Gauthier S, Tuokko H, McDowell
I. Prevalence and severity of cognitive impairment with and without dementia in an
elderly population. Lancet. 1997;349(9068):1793-1796.

168 Manjunath NK.Yoga and geriatric care: an evaluation of positive health indicators.
Phd Thesis:SVYASA,; 2005

189 Jennifer AG, Benson H, Deckro GR, Fricchione GL, Dusek JA. The relaxation
response: Reducing stress and improving cognition in healthy aging adults.
Complementary Therapies in Clinical Practice. 2006;(12)3,186-191.

102


http://www.ncbi.nlm.nih.gov/pubmed?term=Guglietti%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=23022436
http://www.ncbi.nlm.nih.gov/pubmed?term=Daskalakis%20ZJ%5BAuthor%5D&cauthor=true&cauthor_uid=23022436
http://www.ncbi.nlm.nih.gov/pubmed?term=Radhu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23022436
http://www.ncbi.nlm.nih.gov/pubmed?term=Fitzgerald%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=23022436
http://www.ncbi.nlm.nih.gov/pubmed?term=Ritvo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23022436
http://www.ncbi.nlm.nih.gov/pubmed/23022436
http://www.ncbi.nlm.nih.gov/pubmed?term=Solberg%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=14976457
http://www.ncbi.nlm.nih.gov/pubmed?term=Holen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14976457
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%98sterud%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14976457
http://www.ncbi.nlm.nih.gov/pubmed?term=Halvorsen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14976457
http://www.ncbi.nlm.nih.gov/pubmed?term=Sandvik%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14976457
http://www.ncbi.nlm.nih.gov/pubmed/14976457
http://www.ncbi.nlm.nih.gov/pubmed/14976457
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/journal/17443881
http://www.sciencedirect.com/science/journal/17443881/12/3
http://europepmc.org/search?page=1&query=AUTH:%22Graham+JE%22
http://europepmc.org/search?page=1&query=AUTH:%22Rockwood+K%22
http://europepmc.org/search?page=1&query=AUTH:%22Beattie+BL%22
http://europepmc.org/search?page=1&query=ISSN:%220140-6736%22
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/article/pii/S1744388106000132
http://www.sciencedirect.com/science/journal/17443881
http://www.sciencedirect.com/science/journal/17443881/12/3

170 Kumar S, Telles S. Meditative states based on yogatexts and their effects on
performance of a letter-cancellation task. Percept Mot Skills. 2009;109(3):679-89.

1 prakash R, Rastogi P, Dubey I, Abhishek P, Chaudhury S, Small BJ.. Long-term
concentrative meditation and cognitive performance among older adults. Neuropsychol
Dev Cogn B Aging Neuropsychol Cogn. 2012;19(4):479-94.

172 Graham JE, Rockwood K, Beattie BL, Eastwood R, Gauthier S, Tuokko H, McDowell
I. Prevalence and severity of cognitive impairment with and without dementia in an
elderly population. Lancet. 1997;349(9068):1793-1796.

173 Chaya MS, Kurpad AV, Nagendra HR, Nagaratna R. The effect of long term combined
yoga practice on the basal metabolic rate of healthy adults. BMC Alternative and
Complimentary Medicine. 2006;6(28):1- 6.

17 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 Psychiatrica Scandinavica. 2007;116 (3):226-232.

Gangadhar BN, Nagendra HR, Thirthalli J, Subbakrishna DK, Muralidhar D,
Varambally S, et al. Efficacy of Yoga as an Add-on Treatment in Schizophrenia. Project
report submitted under Scheme for Extra Mural Research (EMR) to Ayurveda, Yoga and
Naturopathy, Unani, Siddha and Homoeopathy (AYUSH), New Delhi; 2010.

16 Rose SA, Feldman JF. Memory and speed: their role in the relation of infant
information processing to later 1Q. Child Development. 1997;68(4):630-641.

177 Nandy K, Sherwin I. The Aging Brain and Senile Dementia. New York, USA:Plenum
Press; 1997.

7% Chattha R, Nagarathna R, Padmalatha V, Nagendra H. Effect of yoga on cognitive
functions in climacteric syndrome: a randomized control study. BJOG. 2008;115:991-
1000.

103


http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20178266
http://www.ncbi.nlm.nih.gov/pubmed?term=Telles%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20178266
http://www.ncbi.nlm.nih.gov/pubmed/20178266
http://www.ncbi.nlm.nih.gov/pubmed?term=Prakash%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Rastogi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Dubey%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Abhishek%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaudhury%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed?term=Small%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=22149237
http://www.ncbi.nlm.nih.gov/pubmed/22149237
http://www.ncbi.nlm.nih.gov/pubmed/22149237
http://europepmc.org/search?page=1&query=AUTH:%22Graham+JE%22
http://europepmc.org/search?page=1&query=AUTH:%22Rockwood+K%22
http://europepmc.org/search?page=1&query=AUTH:%22Beattie+BL%22
http://europepmc.org/search?page=1&query=AUTH:%22Eastwood+R%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22Gauthier+S%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22Tuokko+H%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22McDowell+I%22&restrict=All+results
http://europepmc.org/search?page=1&query=AUTH:%22McDowell+I%22&restrict=All+results
http://europepmc.org/search?page=1&query=ISSN:%220140-6736%22

