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Background: Yoga and Ayurveda are ancient sciences which emphasize on the cure of disease and the
proportion of health. Both sciences are also known to reduce the aging process and are helpful in aging-
related disorders.
Objective: This study investigates the effects of Yoga and Ayurveda Rasayana combined intervention on
cognition among the elderly with mild cognitive impairment.
Materials and Methods: Seventy-two elderly persons (average age 63.3 ± 6.44 years) received Ayurveda
Rasayana (AR) (n ¼ 23) or Integrated Yoga (IY) (n ¼ 25) or combined (IY plus AR) intervention (n ¼ 24) for
eight weeks. AR treatment consisted of Brahmi ghrita, and IY consisted of asana, pranayama, meditation,
and relaxation techniques. Executive function, verbal fluency, attention, processing speed, short-term
and working memory, and learning and verbal memory were assessed at the baseline and after eight
weeks.
Results: Within-group analysis shows that there was a significant time main effect (p < 0.05) in all
cognitive measures in the three groups (IY, AR, and IY plus AR) except Digit backward test. Bonferroni
post hoc test shows a significant difference in pre to post in all variables. In the between-group analysis,
there was a substantial group difference for Rey’s Auditory Verbal Learning Test- hits, F (2,69) ¼ 4.376 (P
< 0.016), Rey’s Auditory Verbal Learning Test-Average, F (2,69) ¼ 4.727 (0.012), Digit backward test, F
(2,69) ¼ 5.766 (0.005) after eight weeks of intervention.
Conclusion: Both Ayurveda Rasayana and Integrated Yoga intervention were found effective in improving
cognitive abilities among the elderly with MCI. Combined Ayurveda Rasayana and Yoga intervention
significantly improved learning, attention, processing speed, and working memory compared to indi-
vidual response among elderly persons with MCI.
© 2020 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last three decades, there is an exponential rise in the
elderly population across the globe. In India, the elderly population
contributes to 10% of the total population [1]. Aging often comes
with multiple physical and mental health challenges. Cognitive
decline is one of the common neuro-cognitive conditions among
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the elderly. Recent Mexican health and aging study reported that
34% of the elderly population suffers from mild cognitive impair-
ment (MCI) [2]. Cognitive impairment among the elderly varies
from mild cognitive decline to a severe form of dementia and
Alzheimer’s disease [3,4]. The prevalence of cognitive decline
among the elderly is reported to vary from 6.7% to 25.2% [5]. Among
the elderly, the annual conversion rate of mild cognitive impair-
ment to dementia is 7% [6]. Cognitive impairment in the elderly
significantly affects the quality of life and makes them dependent
on others for their routine activities. It also contributes to poor
mental health and increases the risk of affective disorders such as
depression and anxiety disorder [7,8]. Evidence shows that
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interventions such as exercise, swimming, active social engage-
ment, and sports activities are associated with decreased risk of
cognitive impairment [9].

Yoga is an ancient spiritual science that originated in India. Sage
Patanjali codified the yoga practices in the eight limbs or steps.
They are self-discipline (Yama) and social discipline (Niyam), yogic
postures (Asana), breathing techniques (Pranayama), Pranayama
(sense-withdrawal), Dharana (concentration), Dhyana (medita-
tion), and Samadhi (merging individual consciousness with uni-
versal consciousness) [10,11]. Yoga is a popular alternative and
complementary medicine. Yoga enhances physical and mental
health, and well-being. Scientific studies on Yoga have demon-
strated its health-benefiting effects in various neuro-cognitive
problems [12]. Yoga has a positive impact on mental health mea-
sures. It reduces depression, anxiety, and stress and improves
mental well-being [13,14]. Yoga practices also enhance cognitive
abilities in diverse populations ranging from children to the elderly
[15,16]. Studies on the elderly revealed positive effects of Yoga on
age-associated disorders, including neurodegenerative disorders
[17,18].

Randomized control trials (RCT) on Yoga have shown signifi-
cant improvement in memory, attention, and executive function
among the elderly population [19,20]. A meta-analysis study of
chronic and acute effects of Yoga on cognition suggests that yoga
practices are moderately effective in improving cognition among
populations of different age groups [21]. Another systematic re-
view on the elderly reported that Yoga-based interventions are
effective for improving memory, attention, and executive func-
tions in the elderly [22].

Ayurveda is an Indian system ofmedicine. Ayurveda prescribes a
lifestyle that helps in the promotion of health and prevention of
disease [23]. Studies have shown various health benefiting effects
of Ayurveda medicines in various chronic disease conditions
[24,25]. Ayurveda has eight branches and "Rasayana" is one among
these eight branches. Rasayana therapy promotes health and pre-
vents the disease by nourishing and rejuvenating the tissues
(dhatu). The classical Ayurveda Rasayana therapy includes
cleansing and rejuvenation protocol which includes procedures
called panchakarma followed by administration of herbo-mineral
or herbal preparation depending on the condition of the individ-
ual. According to Ayurveda, Rasayana therapy promotes longevity,
strength, complexion, memory, intellect and prevents disease.
Recent studies on Rasayana therapy have revealed that Rasayana
drugs have anti-inflammatory, anti-cancer, anti-oxidant, and
immunomodulation effects. These drugs also promote memory,
improve digestion, reduce the aging speed and proper strength,
vigor, and vitality [26]. Rasayana therapy promotes mental well-
being and quality of life [27,28]. Hence, the addition of Rasayana
therapy may help to make the present health care system more
holistic. There are various domains of Rasayana, including Medhya
Rasayana (neuronutrient). Medhya Rasayana enhances neuro-
cognitive ability through herbal and/or herbo-mineral prepara-
tions by retarding brain aging [29e31]. Evidence showed that some
of the Medhya Rasayana such as Ashwagandha, Brahmi, man-
dukaparni, Sankhapushpi, etc., improve various neurocognitive
abilities among elderly persons [32]. Several herbo-mineral and/or
herbal preparations are mentioned in Medhya Rasayana; Brahmi
(Baccopa monnieri) is one of those [33,34]. Scientific studies on
Brahmi have demonstrated the various cognitive benefits of Brahmi.
A meta-analysis on Brahmi concluded that it could improve
cognitive functions, particularly attention [35]. Administration of
Brahmi significantly improved memory and learning in the healthy
elderly [36]. Another double-blind, randomized control trial on
Brahmi extract showed age-associated memory improvement in
older adults compared to placebo [37].
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Cognitive decline is the most common and disabling condition
among the elderly that affects the quality of life and general well-
being of the elderly. Both Yoga and Ayurveda as an independent
intervention are effective in improving cognitive functions among
the elderly. However, no previous study has assessed the effect of
integrated Yoga and Ayurveda Rasayana as a combined intervention
on cognitive functions in the elderly with mild cognitive impair-
ment. Hence, the present study intended to investigate the efficacy
of Ayurveda Rasayana (AR), Integrated Yoga (IY), and combined (IY
plus AR) on cognitive measures among elderly persons with mild
cognitive impairment.
2. Materials and methods

2.1. Participants

Participants in this study were community-dwelling elderly
persons aged >55 to 80 years having mild cognitive impairment.
2.2. Eligibility criteria

Consented elderly individuals (both male and female) with MCI,
able to write, read and understand the Hindi / English language
were considered for the study. The elderly with a history of chronic
neurologic disease, psychiatric diagnosis, previous exposure to
Yoga practice, taking any Ayurveda medicine, cholinesterase in-
hibitors, glutamatergic, and having difficulty in Yoga practice were
excluded from the study.
2.3. Settings and design

It was an age, gender, and education matched non-randomized
three-armed interventional study. The sample size was calculated
based on the previous study "Effect of kundalini yoga on MCI- a
randomized control trial" using variable immediate recall [38]. The
effect size was ‘Ɛ’ ¼ 0.57, a ¼ 0.05 and Power ¼ 0.95. The calculated
sample was thirty-five for each group.
2.4. Ethical considerations

The present study was reviewed and approved by the institu-
tional ethics committee of Swami Vivekananda Yoga Anusandhan
Samsthan (SVYASA University). The study was also registered for
the clinical trial registry of India with the registration number: REF/
2018/07/020945 (B). We obtained informed written consent from
all participants before group allocation.
2.5. Recruitment

An announcement was made about the study through an
advertisement in the local newspaper. Interested participants were
requested to contact through phone/email. A total of 247 elderly
were screened for MCI using The Montreal Cognitive Assessment
(MoCA) [39]. Thirty-five elderly had exclusion criteria, and 112 had
no MCI. One hundred participants fulfilled the study criteria. Of
these, three participants declined to participate due to the incon-
venient yoga class timings, while nine expressed a dislike towards
the ghee-based Ayurveda Rasayana. Eighty-eight participants
agreed to participate in the study, and they were assigned to one of
the three intervention groups (IY ¼ 30, IY plus AR ¼ 28, and AR ¼
30) after baseline assessment. Group assignment was done on a
first-come, first-served basis in IY, IY plus AR, and AR groups. The
study was conducted from August 2018 to March 2019 (Fig. 1).



Fig. 1. Recruitment.
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2.6. Assessments

All the assessments were performed at baseline and at 8-weeks.
A team of a psychologist and two assistants assessed the cognitive
measures. The procedures of all the tests were explained clearly to
each participant. Participants were asked to come for assessments
without having coffee/tea/smoking etc.

Primary outcome measures
Executive function, attention, processing speed, and memory

(working and short-term memory) were the primary outcome
measures.

Secondary outcome measures
The secondary outcome measures were learning and verbal

memory, and verbal fluency.
2.6.1. Screening for mild cognitive decline
All the participants were screened for mild cognitive decline

using the MoCA scale which was designed as a rapid screening
instrument for mild cognitive dysfunction [39]. It assesses different
cognitive domains: attention and concentration, executive func-
tions, memory, language, visuo-constructional skills, conceptual
thinking, calculations, and orientation. It has high test-retest reli-
ability; the interclass correlation coefficient is 0.87. The time to
administer the MoCA is approximately 10 minutes. The total
possible score is 30 points; a score of 26 or above is considered
normal.
2.6.2. Neuropsychological battery
Assessments were conducted by an expert psychologist and his

team, who were blind for groups. The average time taken for the
completion of the Neuropsychological battery was 50e60 minutes.
Data from participants were collected in a quiet room. We offered a
3

break to the participant if they wished during the assessment.
Stroop color-word Task [40] for executive function, Controlled Oral
Word Association Test (COWA) [41] for verbal fluency, Trail-Making
Tests A and B (TMT A and TMT B) [42] for attention and processing
speed, Wechsler Memory Scale (WMS) digit span forward and
backward test (Digit F and Digit B) [43] for short-term and working
memory, and Rey’s Auditory Verbal Learning Test (RAVLT) [44] for
short-term and working memory, and Rey’s Auditory Verbal
Learning Test (RAVLT).
2.6.3. Assessment tools
Stroop Color-Word Test [40]: It is a measurement of the time

taken in seconds to read words. The words were printed in black
ink (word), naming the printed colors (color) as printed XXX form,
and naming the ink color while the printed name is a different color
than the ink color (interference). Temporal reliability is r > 0.80.

Controlled Oral Word Association Test (COWA) [41]: It is a
widely used test to assess phonemic fluency. In this test, partici-
pants were asked to generate as many words as possible, which
begin with three specified letters Ka, Pa, Ma, within one-minute
time limits. In category fluency, participants were asked to speak
out animal names as a semantic category within one-minute time
limits.

Trail Making Test (TMT A and B) [42]: TMT_A measures the
time taken in seconds to connect digits in ascending order, and
these digits are in a circle arranged randomly on the paper. TMT_B
measures the time taken in seconds to connect circles of digits and
alphabets in alternating order as fast as possible. Test-retest reli-
ability is moderate to high for Part A (r ¼ .36 to .79) and Part B (r ¼
.44 to .89).

Digit Span Test [43]: It included verbal repetition of digits in
forward and backward (Digit F and Digit B) order immediately after
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listening verbally. The Digit Forward and Digit Backward tests
measure the span of attention, concentration, and mental control.
Internal reliability is high for digit span test (r ¼ 0.74 to 0.93).

Rey Auditory Verbal Learning Test (RAVLT) [44]: It has five
learning trials with 15 words in List-A, followed by one trial of 15
words containing different words than List-A called List-B. After
this trial, immediate recall and 20 min delayed recall of words from
the list- Awas assessed for memory. During this interval time, other
assessments were carried out. The reliability for the RAVLTwas 0.70
for recall of List A and 0.38 for recall of List B.

All the three groups IY, IY plus AR and AR received intervention
separately after pre-assessment. After eight weeks, all the assess-
ments were repeated.We offered yoga intervention to the AR group
for a week after post-assessment.
3. Intervention

3.1. Yoga intervention

An Integrated Yoga therapy module was designed and validated
by yoga experts (Table 1). Weekly six yoga sessions were admin-
istered to the IY group and IY plus AR group for eight consecutive
weeks. An attendance book was maintained to record attendance.
Each yoga session lasted for 60 minutes under the supervision of a
yoga expert. Yoga sessions were held at 7e8 am in themorning and
5:30 to 6:30 in the evening. All the Yoga group participants were
asked to come for a yoga session by wearing loose and comfortable
clothes. They were asked to come on an empty stomach in the
morning, and the participants in the evening session were advised
to have lunch a minimum of 2 hours prior to the yoga session. The
yoga intervention was conducted in a community hall.
3.2. Ayurveda Rasayana (Rejuvenation) intervention

Brahmi ghrita [45,46]: Brahmi ghrita is a ghee-based polyherbal
Ayurvedic formulation. The classical reference of Brahmi ghrita is
found in Charak Samhita of Charak, Chikitsastana, 10/25, and
Astanga Hrdayam of Vagbhata, uttarasthana, 6/30 and [47,48]. In
this study the used formulation of Brahmi ghritawas as per Astanga
Hrdayam. This preparation has the following herbs; Brahmi leaves
juice, Trikatu (Zingiber officinale, Piper longum, and Piper nigrum),
Trivrut (Operculina terpenthum), Shankhapushpi (Convolvulus
Table 1
Integrated Yoga therapy module.

Practice Group Name of the practices

Starting Prayer Om sahanavavatu
SukshmaVyayama

(Loosening Practices)
1. Ankle rotation, 2. Knee bendi
4. Hip rotation, 5. Hand clenchi
7. Wrist joint rotation, 8. Elbow
Waist rotation,
12. Half butterfly.
Loosening of body joints with a

Breathing Exercises 1. Hands in and out breathing,
2. Hand stretch breathing,
3. Ankle stretch breathing.

Asanas (Yogic Postures) 1. Standing: T�ad�asana, Ardhacak
P�adahast�asana.
2. Sitting:Pa�scimott�aṇ�asana, Pur
3. Supine:N�avasana, Setubandh�a
Makar�asana (On alternate days,
practiced)

Relaxation techniques Deep relaxation Technique
Pranayama (Yogic breathing) NaadiShodhana, Bhramari
Chanting Nadanusandhana/OM Chanting
Closing prayer and Sankalp (Resolve) Asotomasadgamaya, SarveBhava
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pluricaulis), Sapthala (Ophiorrhiza mungos), Vidanga (Embelia ribes).
We placed a special order for our study to a GMP-certified authentic
and renowned pharmaceutical company to prepare Brahmi ghrita
as per the methodology mentioned in Astanga Hrdayam of Vagb-
hata, uttarasthana.

3.2.1. Dosage of Brahmi ghrita
Participants were advised to take 5 ml of Brahmi ghrita orally

with 50 ml of warm milk/warm water on an empty stomach for
eight consecutive weeks. This dose was decided based on the
recommendation of three Ayurveda consultants. Hence this 5ml
dose of Brahmi ghrita was decided. An Ayurveda physician con-
tacted participants every two weeks to monitor and review the
medication. The log was provided to participants to keep the
attendance of the daily intake of ghee.

Participants who attended a minimum of 70% Yoga sessions
and/or intake of Brahmi ghrita were considered for analysis.

4. Statistical analysis

All statistical analysis was performed in the SPSS 20. Baseline
match for age, sex, education, illnesses, and cognitive impairment
were assessed by using one-way ANOVA for groups. 3 X 2 ANOVA
was used to evaluate all the cognitive variables using time as within
factor and interventions (i.e., IY, IY plus AR and AR) as a between-
subject factor. Those variable’s scores were not matched at base-
line for them; ANCOVA was performed by taking pre-scores of the
variable as a covariate. Bonferroni post hoc test was used to assess
the difference between groups.

5. Results

Demographic characteristics of all the participants were
assessed, and it showed no differences between groups in the
number of participants, age, gender, total years of education, and
the number of illnesses. In IY, IY plus AR and AR group 60, 75, and
96 percent of participants were not doing any physical activity,
respectively. Table 2 depicts the sociodemographic details of the
participants. The mean attendance in IY and IY plus AR group for
Yoga classes was 40.68 ± 3.31 and 39.79 ± 2.99 sessions, respec-
tively. The mean attendance in AR and IY plus AR group for
Rasayana intake was 41.60 ± 4.45 and 41.37 ± 3.20 doses,
Duration

ng, 3.Knee rotation,
ng, 6. Wrist bending,
bending, 9. Shoulder rotation, 10. Neck movements, 11.

wareness.

15 min

05 min

r�asana, A�ardhakaṭicakr�asana, Trikoṇ�asana,

vott�aṇ�asana, Vakr�asana, Bhunaman�asana.
sana, Sav�asana, 4. Prone:Bhuja _mg�asana, Salabh�asana,
set of sitting -standing or supine - prone asanas were

20 min

05 min
10 min
05 min

nthu.



Table 2
Demographic details of the participants and comparisons between groups.

Group IY IY plus AR AR F value P value

No. of Subjects 25 24 23 e e

Age in years 62.40 ± 6.06 63.21 ± 6.24 64.39 ± 7.15 0.569 0.569
Gender Male 12 13 10 0.262 0.77

Female 13 11 13
Education in Years 10.24 ± 3.811 11.12 ± 3.791 9.26 ± 4.213 1.317 0.275
BMI 27.09 ± 4.29 26.46 ± 3.37 26.36 ± 5.08 0.205 0.815
Number of chronic diseases suffering from 1.56 ± 1.12 1.67 ± 1.24 1.09 ± 1.04 1.722 0.186
Montreal Cognitive Assessment 18.96 ± 3.867 18.71 ± 4.016 17.96 ± 4.062 0.407 0.667

Statistically significant with P value < 0.05.Values expressed as Mean ± Standard deviation. IY: Integrated Yoga, AR: Ayurveda rasayana.
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respectively. There were no side-effects observed in any treatment
group during the intervention.

Twenty-five (13 females), 24 (11 females), and 23 (13 females)
participants in IY group, AR plus IY, and AR group, respectively,
completed the intervention and post-assessment.

5.1. Within-group changes

Table 3 displayed a significant difference (p < 0.05) in time for all
the variables except the digit backward test. Based on estimated
marginal means by adjustment at multiple comparisons Bonferroni
post hoc test showed a significant difference in pre to post in the
Stroop color-word test, Rey Auditory Verbal Learning Test (RAVLT),
Controlled Oral Word Association Test (COWA), Trail Making Test
(TMT-A & TMT-B), and digit Span Test (Digit F) in IY, IY plus AR, and
AR groups except for AVLT List B, Digit Backward in AR group; Digit
B in IY and IY Plus AR group. This is suggestive of improvement in
different cognitive abilities such as executive functions, verbal
fluency, attention, processing speed, working memory, learning,
and verbal memory following Integrated Yoga, Ayurveda Rasayana,
and combined interventions after eight weeks.

5.2. Between-group comparison

Table 3 displays a significant difference (P < 0.05) in groups for
Stroop Color, RAVLT Hits, and borderline significant for COWA
category and Stroop word; group* time interaction was significant
(P < 0.05) for Stroop color and COWA consonant.

3 � 2 ANOVA shows that all the variables were matched at
baseline between groups except Stroop Color, RAVLT average, Digit
forward and backward. The variables that were not comparable at
baseline ANCOVA was performed by taking pre-scores of the vari-
able as a covariate. Bonferroni post hoc test for Post vs. Post com-
parison between AR vs. IY groups was significant for RAVLT hits.

ANCOVA results show that after controlling the covariate pre
score of RAVLT average, Digit backward, there was a significant
difference between the groups, and after controlling the covariate
pre score of Stroop Color, Digit Forward, there was no significant
between groups. Bonferroni post hoc test for RAVLT average
showed IY plus AR vs. AR was significant, and Digit backward IY vs.
AR and IY plus AR vs. AR was significant.

6. Discussion

This study intended to investigate the efficacy of 8 weeks
intervention of Integrated Yoga, Ayurveda Rasayana, and combined
cognitive abilities among the elderly with mild cognitive impair-
ment. We found significant improvement in all the cognitive
measures except Digit Backward (working memory) in all three
groups after eight weeks compared pre-score to post scores. It
suggests that all IY, AR, and IY plus AR intervention have equal
cognitive benefits among the elderly with mild cognitive
5

impairment. Between-group comparisons revealed that Ayurveda
Rasayana was significantly better on RAVLT-hits, suggestive of
recognition in learning performance compared to Yoga interven-
tion and combined. Combined (IY plus AR) intervention was
markedly better on RAVLT average indicative of acquisition and
verbal learning than AR and IY. Digit backward suggestive of
attention, working memory, and mental control were significant in
IY vs. AR and IY plus AR vs. AR. This shows that IY plus AR, or only IY
intervention, is better than AR for working memory. We did not
find statistically significant differences between the groups for
remaining cognitive measures.

Cognitive impairment is a common progressive degeneration
problem among the elderly contributing to significant disability. It
affects the individual’s quality of life andmakes them dependent on
others for their routine activities. Conventional medicine has little
role in improving cognitive impairment and preventing disability.

Our study found that Ayurveda Rasayana (Bhrami ghrita) has
cognitive benefits on various cognitive measures such as executive
functions, auditory-verbal learning, attention, processing speed,
concentration, cognitive flexibility, verbal fluency, processing
speed, and memory. To the best of knowledge present study is the
only study of its kind assessing Ayurveda Rasayana efficacy on
cognition among the elderly with MCI. Morgan A et al., in 2010, did
on the extract of Bacopa monnieri of dose 300mg/day shown similar
benefits on verbal learning, attention, and short term or working
memory after three months in healthy older adults [49]. Whereas
in our study, similar significant results were found in IY plus AR
group compared to individual treatment after eight weeks of
intervention in cognitively impaired elderly persons. However, a
study by Sarkote A et al., 2013 reported significant improvement in
short-term memory among school children of 10-16 years
following oral intake ofMedhya Rasayana powder for three months
[50]. Though this study is not comparable with the present study,
however, the improvement in cognitive function is evident in both
studies following Ayurveda Rasayana.

Previous studies on Yoga intervention have shown positive ef-
fects on cognitive functions among the elderly. A study by Eyre HA
et al., 2017, noticed a significant improvement in memory, execu-
tive function, and resilience following 12 weeks of Kundalini Yoga
intervention among the 81 elderly with MCI [51]. In the present
study, we also found significant improvement in executive function
and memory. Our study is shorter (8 weeks) than the previous
study (Eyre HA et al., 2017) and has a different type of intervention.
Gothe et al., 2014 assessed the effect of eight-week yoga inter-
vention (thrice-weekly) on executive function [52]. The results of
this study showed significant improvement in working memory,
cognitive flexibility among healthy elderly. In the present study, we
also found significant improvement in cognitive flexibility and
memory. We did not find a statistically significant difference be-
tween the groups, which could be due to active intervention in all
three groups. Similar results were observed in previous studies also
(Eyre HA et al., 2017).



Table 3
Within and between group comparisons of neuropsychological tests.

Outcome Measures Group Pre mean ± SD Post mean ± SD Percentage
Change

Time
F (1,69) Value

Group
F (2,69) value, (P values)

Stroop-Words (Read in 45 s) IY 82.88 ± 14.49 85.6 ± 13.63** 3.28 251.465 (p < 0.001) 3.001 (0.056)
IY plus AR 81.58 ± 18.56 86.33 ± 15.12** 5.82
AR 72.52 ± 16.63 76.78 ± 16.54** 5.88

Stroop-Color (Read in 45 s) IY 53.88 ± 11.98 57.6 ± 11.79** 6.90 280.157 (p < 0.001) 0.749 (0.477)
IY plus AR 50.46 ± 13.96 53.88 ± 13.41** 6.77
AR 46.43 ± 14.04 49.26 ± 12.27** 6.09

Stroop- Color_Words (Read in 45 s) IY 30.76 ± 9.99 32.2 ± 9.45** 4.68 80.173 (p < 0.001) 0.541 (0.584)
IY plus AR 26.96 ± 9.91 31.33 ± 11.30** 16.23
AR 20.78 ± 8.86 26.57 ± 8.80** 27.82

RAVLT- Average IY 7.16 ± 1.39 9.236 ± 2.14** 28.99 391.833 (p < 0.001) 4.727 (0.012)
IY plus AR 7.85 ± 1.20 10.83 ± 1.83** 38.00
AR 7.71 ± 1.63 9.11 ± 2.13** 18.15

RAVLT-list B (Distraction list) IY 3.72 ± 1.97 4.64 ± 2.36** 24.73 14.755 (p < 0.001) 0.086 (0.918)
IY plus AR 4.83 ± 2.22 5.04 ± 2.73$ 4.31
AR 3.57 ± 2.09 4.17 ± 2.08 17.07

RAVLT-Immediate Recall IY 7.08 ± 2.02 10.36 ± 2.64$ 46.33 44.178 (p < 0.001) 0.653 (0.524)
IY plus AR 6.92 ± 2.34 11.71 ± 2.44** 69.28
AR 7.39 ± 2.78 9.83 ± 2.57** 32.94

RAVLT-Delayed Recall IY 6.76 ± 2.93 10.6 ± 2.92** 56.80 209.468 (p < 0.001) 0.179 (0.836)
IY plus AR 6.54 ± 2.62 11.38 ± 2.63** 73.89
AR 6.30 ± 3.01 10.17 ± 2.89** 61.38

RAVLT- Hits IY 12.84 ± 2.10 14.28 ± 1.28** 11.21 257.626 (p < 0.001) 4.376 (0.016)
IY plus AR 13.17 ± 1.90 14.63 ± 0.58** 11.08
AR 13.13 ± 1.39 15.91 ± 7.68** 21.19

RAVLT-Omissions IY 2.16 ± 2.10 0.68 ± 1.25** 68.52 302.797 (p < 0.001) 2.079 (0.336)
IY plus AR 1.83 ± 1.90 0.79 ± 2.25** 56.82
AR 1.83 ± 1.37 0.65 ± 0.71** 64.29

RAVLT-Commission IY 0.84 ± 0.75 0.32 ± 0.48** 61.90 146.770 (p < 0.001) 2.559 (0.085)
IY plus AR 1.04 ± 0.69 0.08 ± 0.28** 92.00
AR 1.30 ± 1.15 0.39 ± 0.72** 70.00

COWA-Consonant IY 7.9996 ± 3.09 9.004 ± 3.25** 12.56 1633.348 (p < 0.001) 2.479 (0.091)
IY plus AR 7.89 ± 2.43 9.48 ± 2.59** 20.22
AR 6.89 ± 2.23 8.07 ± 3.45** 17.22

COWA- Category IY 9.44 ± 1.96 11.36 ± 2.20** 20.34 358.269 (p < 0.001) 3.028 (0.055)
IY plus AR 10.46 ± 2.59 12.33 ± 2.58** 17.93
AR 10.25 ± 2.37 11.70 ± 2.96** 14.14

Digit- Forward IY 6.64 ± 1.70 6.8 ± 1.63** 2.41 378.247 (p < 0.001) 2.921 (0.061)
IY plus AR 6.71 ± 1.65 7.46 ± 2.04** 11.18
AR 6.78 ± 2.09 6.52 ± 1.97** 3.85

Digit - Backward IY 3.52 ± 1.26 4.56 ± 1.36 29.55 0.162 (p ¼ 0.689) 5.766 (0.005)
IY plus AR 3.92 ± 1.69 4.88 ± 1.51 24.47
AR 3.65 ± 1.23 3.74 ± 1.48 2.38

TMT-A (in Seconds) IY 75.56 ± 36.20 54.48 ± 19.65** 27.90 597.596 (p < 0.001) 0.837 (0.437)
IY plus AR 71.79 ± 47.67 59.71 ± 35.46** 16.83
AR 110.57 ± 62.19 87.26 ± 52.55** 21.08

TMT-B (in Seconds) IY 164 ± 68.64 120.08 ± 48.57** 27.90 502.822 (p < 0.001) 0.677 (0.512)
IY plus AR 149.29 ± 67.77 113.79 ± 60.96** 16.83
AR 206.35 ± 86.04 171.83 ± 72.94** 21.08

$P < 0.05, *P < 0.01, **P < 0.001 pre to post Comparison. RAVLT: Rey Auditory Verbal Learning Test, COWA:Controlled Oral Word Association Test, TMT-A & TMT-B:
TrailMaking Test A and B.
Graph No. 1: Percentage Change after 8 weeks intervention in IY, IY plus AR and AR group.
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Literature showed no study in the elderly with MCI with Ayur-
veda and only one study on Yoga intervention. The present study is
unique, assessing Ayurveda Rasayana and yoga intervention effects
among the elderly with MCI. In this study, diverse cognitive do-
mains were assessed using robust assessment tools. Yoga protocol
was found to be feasible and Well-accepted by the participants.
Adherence to the yoga intervention and Ayurveda Rasayana was
found to be satisfactory. No adverse effects of Ayurveda Rasayana
and Yoga were found in the treatment groups.

The exact mechanism of Yoga and Ayurveda Rasayana in
improving cognitive functions is not well established. However,
there are several possible mechanisms we can speculate. First, both
Ayurveda Rasayana and Yoga are well-known interventions that
have anti-oxidant activity. Ayurveda herb Brahmi and the clarified
butter are potent antioxidants [53,54]. Secondly, yoga intervention
helps to reduce sympathetic activity and stress via down-
6

regulation of HPA axis. Reduced stress levels are associated with
an enhancement in cognitive functions [55]. Further, yoga postures
demand a lot of attention, concentration, and balance; such prac-
tices are known to enhance mindfulness and body awareness,
which are positively associated with cognition [56]. Another study
by Dodich A et al., in 2019, after four weeks of meditation of sixteen
hours of practice in healthy adults, showed spontaneous activity in
the executive control network of the brain, which is responsible for
performing all cognitive actions effectively [57].

The present study has some limitations, such as; larger sample
size and long-term follow-up would have yielded better results in
the between-group comparison, the attrition rate was 20%, and it
was a Non-RCT study. We were unable to get the number of par-
ticipants as derived from the sample size calculation. We recom-
mend further studies with a larger sample size using robust
research designs. Objective cognitive variables, along with
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biochemical markers, would help to draw a more appropriate
conclusion.

7. Conclusion

Both Ayurveda Rasayana and Integrated Yoga intervention were
found effective in improving cognitive abilities among the elderly
with MCI. Combined Ayurveda Rasayana and Yoga intervention
significantly improved learning, attention, processing speed, and
working memory compared to individual response among elderly
persons with MCI.
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