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Abstract 

This exploratory study aims to establish the
feasibility of an Ashtanga-based Yoga Therapy
(AYT) program for improving sleep distur-
bances, balance, and negative psychosocial
states, which are prevalent issues for visually
impaired (VI) individuals. Ten legally blind
adult participants were randomized to an 
8-week AYT program. Four subjects in the 1st

cohort and three in the 2nd cohort successfully
completed the AYT program. They convened for
one session per week with an instructor and
performed two home-based sessions per week
using an audio CD. The Pittsburgh Sleep
Quality Index (PSQI), Perceived Stress Scale
(PSS), Beck Anxiety Inventory (BAI), and Beck
Depression Inventory (BDI) were adminis-
tered at baseline and post-intervention. A
Timed One-Leg balance measure, respiratory
rate (RR), and the Philadelphia Mindfulness
Scale (PHLMS) were assessed in the 2nd

cohort. Both groups completed a qualitative
exit survey. Positive exit survey responses (all
subjects were extremely or mostly satisfied,
and wanted to continue AYT) and good partici-
pation rates (7 subjects attended at least 7 of
the 8 weekly sessions) support the feasibility
of the AYT. PSQI, PSS, BAI and BDI scores
changed in the direction of reduced negative
symptoms after AYT for the 1st cohort. Changes
in PSQI and PSS for the 2nd cohort were varied.
Balance, RR and PHLMS awareness trended
toward improvement for each individual. This
preliminary study provides proof of concept for
potential benefits of AYT that may be observed
in VI subjects. Larger studies and an active
control group are needed to determine efficacy.

Introduction

Visual impairment (VI) is considered
among the 10 most prevalent causes of disabil-
ity in the United States and approximately 1 in
28 Americans older than 40 years are legally

blind.1 Most current research for VI is focused
on the development of treatments such as
pharmacologic agents, gene therapy, stem cells
and prosthetic devices.2,3 However, not all
patients benefit from these proposed treat-
ments, and research is also needed to under-
stand and improve patients’ disease-related
symptoms that often result in reduced quality
of life.4

Alternative therapies such as yoga have
gained popularity in the U.S. in the past
decade5,6 and have been reported to increase
well-being and quality of life for the normally
sighted population.7,8 In an on-line survey,
physical and emotional well-being were report-
ed as motivating factors for individuals with
retinitis pigmentosa (RP) (a slowly progres-
sive retinal degenerative disease) seeking
alternative therapies such as yoga and medita-
tion. Of the patients surveyed, 31% tried yoga
and of those, 93% reported improved stress,
fatigue and anxiety levels.9 Despite growing
interest, yoga as a treatment for these symp-
toms has not been systematically studied in
the VI population.

Reductions in sleep quality in persons with
retinal degenerative disease and advanced

vision loss may be related to decreased light
processing due to reduced functioning of reti-
nal photosensitive cells and narrowing of the
field of view.10,11 Sleep disturbances in RP,
characterized by reduced alertness, disturbed
nighttime sleep, and greater daytime sleepi-
ness, were found to be greater than in age-
matched normally sighted individuals, and
may be due in part to photoreceptor loss.12

Photosensitive retinal ganglion cells contain-
ing the photopigment melanopsin have been
identified as essential to circadian photoen-
trainment.13

Recently, Altimus et al. further demonstrat-
ed that rod and cone photoreceptors, in addi-
tion to ganglion cells containing melanopsin,
help modulate the light-dark cycle in mice.14

Other studies have reported a relationship
between RP and abnormal melatonin produc-
tion affecting the circadian cycle in some
patients.10,11 Taken together, this raises the
possibility that as vision loss progresses,
reductions in retinally mediated light signals
affect the release of melatonin leading to the
observed sleep disturbances. Studies with nor-
mally sighted individuals practicing yoga have
revealed positive results on subjective sleep
measures15-17 and increased physiological
measures of melatonin,18-20 although these
studies are potentially confounded by the lack
of control for nighttime light exposure.
Melatonin contributes to sleep onset and sleep
onset latency or SOL, a measure21 that can be
reliably detected by sleep questionnaires,16 is
considered an indicator of the duration it takes
to fall asleep. Persons with ocular disease that
have difficulty initiating sleep may be subject

to sleep disturbances. A subjective global
measure of sleep disturbance and SOL was
used in this study to obtain preliminary infor-
mation regarding sleep problems in this popu-
lation. Obtaining measures of melatonin were
beyond the scope of this project.

The impact of vision loss on negative mood
states (e.g. anxiety, depression, stress) may be
an independent factor contributing to dis-
turbed sleep. Transient episodes of reduced
vision have been correlated with increases in
perceived stress and negative mood in RP.22,23

Functional loss of vision is a risk factor for
depression and anxiety in the aging VI popula-
tion.24 In general, negative psychosocial states
that accompany loss of vision are often unrec-
ognized and remain untreated.4 Positive
results after yoga have been reported in the
general population for stress,25 depression26

and anxiety.27 It has also been suggested that
simply modifying patterns of improper breath-
ing can lead to significant improvements in
psychological symptoms.28 Yogic breathing is a
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technique yielding benefits for psychological
distress such as stress, anxiety, depression as
well as sleep.29 Respiratory rate (RR) has been
associated with cardiovascular health and
stress30 and RR may be an indicator of
improved stress and related factors.31 Thus,
implementing a yoga regimen with a breath
component may provide a long-lasting founda-
tion for breathing that could have an added
beneficial effect to reduce stress and anxiety.

Furthermore, vision plays a dominant role in
a sighted person’s ability to navigate through
the environment. Accordingly, the loss of
vision, accompanied by a decrease in balance,
postural stability, and mobility, may increase
injury and reduce independence and quality of
life in VI patients.32-37 As vision declines,
adopting training strategies that enhance the
use of other sensory information may aid in
the development of awareness of the body as it
moves in space. In an eyes-closed condition, a
group trained in yoga was able to retain bal-
ance on a vertical force platform better than a
control group trained in physical exercise,
indicating they were better able to use propri-
oceptive cues.38 The ability to stand on a sin-
gle-leg is an important predictor of falls in the
elderly.39 Due to the anticipated increase in
the next 20 years of the legally blind aging pop-
ulation, elderly individuals in late-stages of
acquired vision loss (e.g. age-related macular
degeneration; RP) represent an important
demographic to consider.1 Balance is a critical
prerequisite to movement40 and has been
shown to be sensitive to change over time.41

Balance improved substantially in a separate
study using a timed, one-legged balance test
after yoga training in healthy adults42 and in
patients with osteoporosis.43 Therefore, culti-
vating the integration of mind and body
through yoga may yield favorable outcomes as
a means to improve balance.

Ashtanga is a system of yoga taught by Sri K.
Pattabi Jois in Mysore, India. It is an integrat-
ed system of asanas (postures), vinyasa

(movement), and ujjayi (victorious breath)
and is easily implemented regardless of age or
level of experience. The main tenet of
Ashtanga is movement with the breath. Ujjayi
breathing is a specialized technique that
emphasizes use of the diaphragm. Observing
the quality of breath can be a diagnostic tool
for the quality of the practice. In this sense,
practicing asana becomes the vehicle for
teaching proper breathing techniques. Most
importantly, the student is taught to find a bal-
ance between what is achievable in an asana
while providing room for growth to move deep-
er into a posture simply by listening to their
ujjayi breathing. This makes Ashtanga a suit-
able, gentle practice since it does not empha-
size flexibility or strength as a goal. Instead,
the goal is to synchronize postures with the
breath while keeping a steady, rhythmic
breathing pattern. Strength and flexibility are
by-products after persistent practice. The
Ashtanga-based Yoga Therapy (AYT) is a high-
ly modified Ashtanga yoga sequence developed
specifically for the visually impaired popula-
tion by the author (PEJ). This style of yoga may
be beneficial for this population because it
combines all elements of a mindfulness prac-
tice through breath, postures and movement.
With continued practice, the sequence
becomes a moving meditation. Mindfulness in
this setting promotes self-awareness in a non-
competitive, non-judgmental environment and
at the same time promotes awareness of mus-
cular movements, alignment, mental states
and breath.44

Increased levels of mindfulness were found
after yoga in a healthy population45 and a
chronic illness population.17 A mindfulness
assessment was included in this study to eval-
uate the potential to develop increased mind-
fulness in the AYT.46 By pursuing an integrated
approach, this preliminary research study
aimed to determine the safety and efficacy of
an AYT geared towards the VI population and
whether it could have an immediate and com-

prehensive impact on secondary symptoms
and quality of life for individuals with severe
vision loss. The primary goals of this proof of
concept study were to evaluate safety and fea-
sibility of the AYT for VI to: i) reduce sleep dis-
turbances, ii) improve psychosocial indicators,
and iii) improve balance and RR.

These data are especially important since to
our knowledge there have been no previous
publications involving yoga interventions for
attendant symptoms experienced by the VI
population.

Materials and Methods

Participants
Table 1 lists the participants’ demographics,

including age, gender, group assignment, ocu-
lar disease diagnosis, and level of vision. Ten
participants (mean age of 46±12 years) were
recruited from the Low Vision Clinic of the
Wilmer Eye Institute at Johns Hopkins
Hospital and from local community-based list-
ings (e.g. National Federation of the Blind,
Northern Virginia American Council for the
Blind) through email and flyers to prospective
participants.

Participants were limited to a small sample
of 10 set a priori for the purposes of establish-
ing feasibility and safety before a larger trial is
set in motion. Participants were included in
the study if: (a) they were older than 18 years
of age (b) they were diagnosed with legal
blindness on the basis of visual field diameter
<20° as determined by Goldmann and/or
Humphrey visual field,47 or on the basis of
best-corrected visual acuity (VA) <20/200 as
determined with the Early Treatment of
Diabetic Retinopathy Study (ETDRS) chart,48

(c) the ocular disease stage was expected to
remain relatively stable throughout a 3-6
month period, and (d) the participant was

Article

Table 1. Participant demographics.

SBJ ID Age Gender Cohort Disease ETDRS VA P-R CS (logCS) GVF 

SBJ01 56 M 1st RP BLP BLP BLP
SBJ02 46 F 1st Nystagmus, Congenital Defects BLP BLP BLP
SBJ03 59 F 1st Acute Retinal Necrosis 20/180 n/a <20°* 
SBJ04 31 F 1st RP 20/50 1.95 <20°** 
SBJ05 56 F 1st Retinopathy of Prematurity 20/800 n/a n/a 
SBJ06 50 M 2nd RP 20/126 0.10 <20°* 
SBJ07 30 F 2st Nystagmus, Congenital Cataracts, Photophobia 20/400 n/a n/a 
SBJ08 30 F 2st RP 20/20 1.60 <20°** 
SBJ09 47 M 2st RP 20/152 0.55 <20°** 
SBJ10 58 F 2st RP BLP BLP BLP
P-R CS, Pelli-Robson Contrast Sensitivity; ETDRS VA, Early Treatment Diabetic Retinopathy Study Visual Acuity; GVF, Goldmann Visual Field; n/a, vision too poor to obtain reliable results; BLP, Bare Light Perception;
RP, Retinitis Pigmentosa. Legal blindness = GVF <20° or best-corrected VA <20/200 on the ETDRS; normal CS is >1.80 logCS in young adults and >1.65 logCS in older adults. *V4e; **III4e.
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healthy to the extent that participation in a
yoga program would not exacerbate any exist-
ing disease conditions. Participants were
excluded on the basis of (a) clinically diag-
nosed or significant sleep disorder (e.g., sleep
apnea) or a medical condition (e.g., chronic
pain) responsible for sleep complaints, (b) use
of prescription sleep medication more than
once a week for duration of the study, (c) use
of other psychotropic medication, or (d) con-
sumption of >2-3 alcoholic beverages per day
or smoking >10 cigarettes per day. The proto-
col for the study was approved by the
Institutional Review Board of the Johns
Hopkins University School of Medicine and fol-
lowed the tenets of the Declaration of Helsinki.
The consent form was read to participants due
to their visual impairment. All participants pro-
vided informed consent.

Study design
This proof of concept study determined the

feasibility of the AYT in two separate cohorts of
VI subjects. Participants were randomized to
the first or second 8-week AYT. The 2nd cohort
was invited to participate in the AYT after the
first group’s completion of the AYT. Two
cohorts allowed us to manage teacher-student
interactions in smaller class sizes. It also min-
imized the burden to the participants’ regard-
ing questionnaires and transportation and
allowed us to pilot additional measures with
the second group based on experience with the
first group.

Comprehensive vision tests were conducted
at baseline that included VA, Pelli-Robson con-
trast sensitivity (P-R CS)49 and Goldmann
visual fields (GVF)47 for both groups.
Psychosocial and sleep questionnaires were
administered at two time points for both
groups: once at baseline before the first 8-
week yoga intervention and once immediately
after the intervention period.

When possible, the questionnaires were
administered online via SurveyMonkey.com,
LLC (Palo Alto, CA) or by email on a word doc-
ument, and participants used their remaining
vision and/or accessibility software to self-
administer the questionnaires. In situations
where the participant did not have access to a
computer or support from a caregiver (n=2),
the questionnaires were read aloud and
responses recorded by the researchers via
phone. After initial feasibility was noted with
the first AYT group, we piloted three additional
measures during the 2nd cohort’s participation
in the AYT: a mindfulness questionnaire
administered at baseline, week four and post-
intervention, and a balance measure and res-
piratory rate (RR) measured before and after
the AYT. A brief exit survey was collected
immediately following both groups’ participa-
tion in the yoga program. Participants received
a free yoga mat and $25 for their participation
in the study. All procedures took place at one of
three locations selected to provide accessibili-
ty for our visually impaired population, i) Lions
Vision Center (LVC, Wilmer Eye Institute,
Baltimore, MD), ii) National Federation of the

Blind (NFB, downtown Baltimore, MD) and iii)
St. George’s Episcopal Church (Arlington, VA).

Intervention
Participants took part in an orientation ses-

sion before the yoga program began, in order
to familiarize them with the style of yoga, the
ujjayi breathing technique, and alignment
techniques using the mat, class etiquette, and
modifications. Participants in each group con-
vened once per week for eight weekly one-hour
sessions with the author (PEJ). Participants
were provided with an audio CD developed by
the author to practice at home and were
encouraged to practice at least twice a week
(i.e. equivalent to approximately 16 home prac-
tice sessions during the intervention period).
The Ashtanga-based Yoga Program (AYT) is a
highly modified Ashtanga yoga sequence
developed specifically for the visually impaired
population by the author (PEJ), a trained
Ashtanga teacher of four years and practition-
er of 7 years, on the basis of her experience
teaching blind students at the Braille Institute
in Los Angeles. Teaching yoga to those with VI
requires simple modifications to postures,
clear descriptions, and hands-on adjustments.
Each class began with simple seated breath-
ing, a warm-up, standing postures, seated pos-
tures, followed by breathing and a final resting
pose. Table 2 lists the full sequence of poses
taught during AYT. Each pose was held for five
breaths or for as long as the subject was able.
Each class included a question and answer

Article

Table 2. Details of Ashtanga-based yoga therapy. 

15 min 1 Padmasana Lotus Posture or comfortable seated position and commence ujjayi breathing. (25 Breath Count, 5 minutes)
2 From seated position, inhale the arms overhead drawing the palms toward each other until they touch. 

Exhale releasing the arms down moving with the breath. 5x
3 Transition to Table Pose 
4 Marjaryasana (Cat) to Bitilasana (Cow)
5 From Table to Balasana (Child's) pose
6 From Table to Downward-facing Dog. Move from Downward-facing dog to standing.

30 min 7 Tadasana or Samasthiti (Mountain Pose)
8 Padangusthasana (Foot Big Toe Posture)
9 Utthita Trikonasana (Extended Triangle Posture)
10 Parivritta Trikonasana (Revolved Triangle Posture)
11 Utthita Parsvakonasana (Extended Side Angle Posture)
12 Parivritta Parsvakonasana (Revolved Side Angle Posture)
13 Prasarita Padottanasana, A-D (Feet Spread Intense Stretch Posture)
14 Vrksasana (Tree pose)
15 Utkatasana (Chair Pose)

Move to the floor, modified Sun Salute
16 Dandasana followed by Paschimottanasana (Western Intense Stretch Posture)
17 Purvottanasana (Eastern Intense Stretch Posture)
18 Janu Sirsasana A (Head to Knee Posture)
19 Marichyasana C (Dedicated to Marichi)
20 Navasana (Boat Posture)
21 Baddha Konasana, A &B (Bound Angle Posture)
22 Setu Bandha Sarvangasana (Bridge pose)

15 min 23 Paschimottanasana (Western Intense Stretch Posture)
24 Padmasana (Lotus Posture) or Sukhasana (Easy Pose), breathe 10x
25 Savasana (Corpse Pose) (10 minutes)
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period at the beginning and end of class.
An additional instructor participated during

the 2nd cohort’s AYT participation. The second
instructor had experience teaching yoga to
students with physical disabilities (multiple
sclerosis) and was trained to deliver AYT by the
author (PEJ) who familiarized him with the
protocol and needs of the VI population. The
author (PEJ) observed 5 of the 8 classes taught
by the second instructor to help ensure fideli-
ty. The AYT is amenable to study because it is
composed of a standardized sequence of pos-
tures held for a fixed duration. While the
sequence of asanas remain the same each ses-
sion, each asana is modified to suit the indi-
vidual’s needs. Study patients are more likely
to comply with an intervention if it is safe,
engaging and easy to follow.50

Study outcomes
The 19-item Pittsburgh Sleep Quality Index

(PSQI) questionnaire was used to gauge sleep
quality over the past month (Cronbach alpha
estimate = 0.83).51 It includes both qualitative
and quantitative aspects of sleep, and evalu-
ates seven subscale dimensions of sleep quali-
ty. Of interest in this study were the global
score and sleep onset latency (SOL) sub scale
score. We administered three brief online
questionnaires to assess various psychosocial
states: the Beck Anxiety Inventory (BAI),52

Beck Depression Index (BDI)53 and the
Perceived Stress Scale (PSS).54 The 21-item
BAI was used to measure the severity of an
individual's anxiety over the past month
(Cronbach alpha estimate ranges from 0.92 to
0.94).52 The 21-item BDI provided a measure
of severity of depression (Cronbach alpha esti-
mate = 0.81).55

The 14 item PSS subjectively assessed the
degree to which respondents appraised situa-
tions in their life to be stressful on a given day
(Cronbach alpha estimate = 0.85).54 The ques-
tionnaires have been previously validated in
other populations, are reliable and routinely used
for clinical and research purposes.17,25,26,56-59 The

questionnaires were completed online through
an internet website or over the phone, depending
on the subject’s ability to access the computer.

The 2nd cohort completed only the PSQI and
PSS plus 3 additional new measures. The PSS
for the 2nd cohort was administered on a week-
ly basis to assess potential fluctuations in
appraised stress. We did not include the BDI
and BAI in order to reduce the burden on the 2nd

cohort participants since additional measures
were added (PHLMS, respiratory rate, balance).

Changes in balance were assessed for indi-
viduals in the 2nd cohort during their participa-
tion in the AYT. The Timed One-Leg Stance pro-
tocol requires the subject to raise one foot off
the ground with their arms down at their sides,
and the time up to 30 seconds is recorded until
any touch down of a foot or hand to a surface
occurs. The task is performed 3 times and the
best of 3 is chosen.60-62 Respiratory rate (RR)
was measured three times for each participant
to reduce within-session variability during
baseline and immediately following the 8-week
AYT. It was determined by counting the number
of inhalations with a stethoscope for 30 sec-
onds at rest and multiplying by two.63 The nor-
mal adult rate is 12 to 18 breaths/ minute.64-66

The Philadelphia Mindfulness Scale
(PHLMS) is a 20-item scale to assess two inde-
pendent components of mindfulness: accept-
ance and awareness.67 Total scores on both
subscales range from 20 to 100, higher scores
reflect greater mindfulness. The PHLMS was
collected at baseline, during week 4 and post-
waitlist participation. The PHLMS shows good
internal reliability as reported in clinical and
non-clinical samples (Awareness Cronbach
alpha estimate = 0.85 & Acceptance Cronbach
alpha estimate = 0.87).67 The PHLMS was used
as a means to appraise the AYT as a practice
that develops awareness and mindfulness in
general. It has the advantage of two independ-
ent subscales that allow us to detect critical
differences in two components of mindful-
ness.67,68 We measured adherence with prac-
tice logs and participant experience through

exit surveys to further help evaluate the yoga
intervention. Participants completed a weekly
log online to report home practice and were
used to evaluate adherence. All participants
completed a brief exit survey regarding their
experience with the AYT. The survey was com-
prised of open-ended and multiple-choice
response items.

The small sample size in this proof of con-
cept study was not powered for statistical com-
parisons of changes in the questionnaire
scores,69 and therefore, ANCOVA analyses of
our results were not statistically significant.
We were limited to evaluating the data based
on descriptive statistics and no rigorous statis-
tical analysis of the outcomes is presented
here. Instead we focus on the direction of
change or trends on an individual basis for
each measure (Tables 3-5).

Results

Study participation and baseline
characteristics

Ten legally blind participants (Table 1) who
met our study criteria were enrolled in the
study. Four of the five participants in the 1st
cohort attended at least 7 of the 8 weekly class-
es, which was the attendance compliance cri-
teria defined a priori. One participant in the
first group missed two classes during the 8-
week intervention, reported that she failed to
follow the home practice instructions, and
began taking sleeping pills, which were study
exclusion criteria. Therefore, only sleep and
psychosocial data for four subjects in the 1st
cohort are presented in Table 3. We were
unable to remove the non-compliant subject’s
responses from the exit survey since it was
anonymous. Only 3 participants in the 2nd

cohort completed the 8-week yoga program by
attending 7 of the 8 weekly scheduled classes.
Two participants did not participate due to

Article

Table 3. Outcome measures completed pre-post- in the Ashtanga-based yoga therapy. 

PSQI -global PSQI-SOL (mins) PSS BAI BDI
SBJ ID pre post trend pre post trend pre post trend pre post trend pre post trend

SBJ01 2 1 - 15 10 - 11 7 - 7 2 - 8 8 x
SBJ02 5 4 - 15 15 x 11 4 - 6 0 - 2 0 -
SBJ03 15 8 - 120 60 - 21 20 - 6 4 - 11 5 -
SBJ04 10 4 - 60 30 - 28 14 - 14 2 - 4 3 -
SBJ06 12 11 - 60 150 +
SBJ07 4 5 + 10 5 -
SBJ010 3 5 + 60 30 -
Mean 7.3 (5.0) 5.4 (3.2) - 48.6 (39.2) 42.9 (50.7) - 17.8 (8.3) 11.3 (7.2) - 8.3 (3.9) 2.0 (1.6) - 6.3 (4.0) 4.0 (3.4)-
First cohort SBJ0-04, second cohort SBJ06,07,10. PSQI, Pittsburgh Sleep Quality Index; PSQI-SOL, Pittsburgh Sleep Quality Index-Sleep Onset Latency; PSS, Perceived Stress Scale; BAI, Beck Anxiety Inventory; BDI,
Beck Depression Inventory. Trend: post scores minus baseline; higher score is worse; - indicates trend for reduction of symptoms (improvement); + indicates worsening of symptoms; x indicates no change.
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scheduling conflicts. The 2nd cohort did not
begin their participation until after the initial
cohort completed the AYT (~1 month), which
may have introduced new, unpredictable
scheduling conflicts not present during the ini-
tial recruitment period. At least one subject
opted not to participate in the AYT since her
schedule became too busy. Another 2nd cohort
participant dropped out after 4 sessions of the
AYT because he became unable to attend regu-
larly scheduled classes due to his conflicting
responsibilities related to family caregiving.
This participant also failed to return the home
practice log.

Overall weekly class attendance was 7.5
(range 7-8; SD 0.6) and 7 (SD 0) while individ-
ual home practice compliance was 14 (range
10-16; SD 2.8) and 14 (range 13-16; SD 1.7) as
reported in weekly practice logs, across the 4
participants in the first AYT group and 3 partic-
ipants in the 2nd cohort group who completed
the intervention, respectively. The baseline
characteristics were evenly balanced between
cohorts and not statistically significantly dif-
ferent between the two groups. No serious
adverse or non-serious events were reported.

Outcome measures
Individual results for the questionnaires

completed pre- and post- AYT and are present-
ed in Table 3, and improvements in the mean
scores were noted across all four question-
naires. No associations were found for severi-
ty of vision loss and the outcome measures. We
suspect this may be due to the limited range of
vision in our limited sample. The PSQI global,
PSQI_SOL, PSS, BDI and BAI scores for the
first cohort group (SBJ01-04) all changed in
the direction of reduced negative symptoms
after the yoga intervention, with the exception
of two instances that showed no change (Table
3). The PSQI SOL scores for the first AYT group
mostly changed in the direction of reduced

negative symptoms (n=3 of 4 changed by
approximately 45% or 31.7 min) and one
showed no change after the yoga intervention.
In addition, three subjects (SBJ03, SBJ04 and
SBJ06) met the criteria for sleep disturbances
according to their PSQI-Global score (>5) at
baseline and showed improvements in their
scores post-AYT. Three of four participants in
the 1st cohort showed reduced BDI scores and
one showed no change. The greatest amount of
change in the BDI was reported by the subject
(SBJ03) who had greater than minimal
depressive symptoms at baseline (BDI ≥10).
BAI scores improved across all participants in
the first cohort, and the largest changes on
average were noted for the BAI.

Sleep and PSS data are presented in Tables
3 (bottom) and 4 for the 2nd cohort (SBJ06,
SBJ07, SBJ10). Changes in the PSQI-global
scores were marginal and mixed. It’s interest-
ing to note that the direction of change in the
global score was exactly the opposite for the
SOL score directions, something we have no
explanation for. The PSS was administered
weekly for the 2nd cohort in order to capture
the degree of variability that might be observed
due to acute stress (vs. chronic). Indeed, the
scores in Table 4 are somewhat volatile during
the course of the program. Merely looking at
pre- and post- scores show one subject getting
worse, the other getting better and the last one
showing no change. In all cases, there is evi-
dence of better and worse scores throughout
the intervention for each subject suggesting
that perhaps the PSS is not the best measure
to capture treatment effects. This also high-
lights the inherent variability within individ-
ual subjects. However, without a much larger
sample size, it is difficult to draw any substan-
tive conclusions from these measures in this
study. During the 2nd cohort group’s participa-
tion in the AYT, three additional measures
were piloted for feasibility (Table 5). Both RR

and balance measures improved after the
intervention for all three individuals (Table 5).
The PHLMS showed a positive trend for
improved awareness subscale scores per indi-
vidual but not for the acceptance subscale. 

Exit survey results
All subjects who completed the AYT (n=8)

completed an anonymous exit survey after the
AYT. All subjects reported being extremely
(5/8) or mostly satisfied (3/8) with the yoga
research program. Most participants reported
that they thought the AYT helped with stress
(5/8) and balance (5/8). Some (3/8) subjects
reported that yoga helped with sleep. Almost all
(7/8) subjects reported that yoga helped with
relaxation and focus through yoga breathing
techniques. All participants (8/8) expressed an
interest in participating in a yoga program like
this in the future in order to learn more yoga
skills, lower stress, practice breathing skills,
stretching and balance, and moreover would
recommend the AYT to a friend (8/8) in order
to receive the same benefits.

All participants reported being extremely
(5/8) or mostly honest (3/8) when reporting
their daily practice in their practice logs. All par-
ticipants (8/8) reported really liking the yoga
instructors and really or mostly liking the set-
ting and environment of the yoga program (5/8
Really liked and 3/8 Mostly liked). Most liked the
audio CD (7/8) for home practice. Two subjects
expressed a preference for having separate CDs
for the early parts of the study and for later after
becoming more familiar with the sequence.
When asked to describe their experience with
the yoga practice at home, half found practicing
at home easier as the program progressed (4/8);
however, motivation and commitment were
identified as factors that prevented regular
home practice (3/7).

Article

Table 5. Outcome measures at baseline and post-intervention for second group. 

PHLMS-Acceptance PHLMS-Awareness Balance (sec) Respiratory rate
SBJ ID pre Week 4 post trend pre Week 4 Post trend pre post trend pre post trend

SBJ06 37 35 42 - 38 38 41 - 3.55 5.31 - 16 12 -
SBJ07 36 34 31 + 35 35 39 - 23.52 30 - 18 12 -
SBJ010 33 29 27 + 47 48 49 - 3 3.7 - 20 12 -
Mean 35.3 (2.1) 32.7 (3.2) 33.3 (7.8) + 40 (6.3) 40.3 (6.8) 43.0 (5.3) - 10 (11.7) 13 (14.7) - 18 (2.0) 12 -
PHLMS; Philadelphia Mindfulness Scale. Trend: post scores minus baseline; higher score is worse; - indicates trend for reduction of symptoms (improvement); + indicates worsening of symptoms.

Table 4. Perceived Stress Scale for 2nd Cohort collected on a weekly basis. 

SBJ ID Baseline Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

SBJ06 11 12 5 7 13 0 9 14
SBJ07 18 22 16 16 27 11 9 5
SBJ10 14 10 13 7 13 14 17 14
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Discussion

In this preliminary study, the feasibility and
initial safety of the AYT were demonstrated in
a small group of individuals with VI. The posi-
tive exit survey responses and relatively good
participation rates support the feasibility of
the AYT. All participants who completed the
study reported the desire to continue with the
AYT and found it enjoyable. In general, the AYT
appeared to provide overall benefits for sleep
and psychosocial factors for the first group of
participants. Improvements in sleep and PSS
were not consistent across the members of the
2nd cohort. RR and balance were only assessed
in the 2nd cohort participants, but all three sub-
jects showed improvements in both of these
measures after their AYT participation. This
preliminary study provides proof of concept for
potential benefits that may be expected from
the AYT in a population with VI.

The mean reduction in PSS scores observed
in the first cohort of 4 participants in our study
(36.5%) was greater than another study that
found a 29.5% decrease in scores after a stress
reduction program.70 The PSS may vary signif-
icantly from week-to-week in some people,
potentially leading to chance reductions or
regression toward the mean in the control
group when only comparing a single pre- and
post-intervention measure. Furthermore, the
PSS timeframe assessed stress in the past
week, which may have identified acute
episodes rather than capture a global measure
of chronic stress in the 1st cohort. As evidenced
in the 2nd cohort, fluctuations were observed
from week to week rendering the results diffi-
cult to interpret.

Planning assessments with a longer time-
frame (e.g. 2 weeks) may provide a more accu-
rate assessment of perceived stress.54

The improvements in the BAI across the
four subjects in the 1st cohort were quite large
compared to a yoga study by Harner et al. with
a much larger sample size58 (75.9% versus
38.9%). Compared to two separate studies
measuring PSQI-SOL in much larger sam-
ples,71,72 sleep onset latency in our study
changed to a greater degree for the four partic-
ipants in the 1st cohort (~32 min vs. 15-18
min). Only one of the four subjects (SBJ03) in
the first AYT group had greater than minimal
depressive symptoms (BDI score ≥10) at base-
line, and therefore, floor effects may have pre-
vented us from observing larger changes.
SBJ03’s score was reduced by 6 points (55%
reduction) post-intervention comparable to
Woolery et al.73 who observed significant
reductions in BDI (~average 69.5%) after a 5
week yoga intervention for mildly depressed
young adults.

The improvements in the RR and timed one-
leg stance measures are important because

they suggest that the AYT may slow breathing
and improve balance in those with VI. Balance
is more impaired as vision loss progresses and
therefore increases the risk of falls.32,74 It has
been reported that individuals increase their
chances of sustaining an injury due to a fall by
two times if they are unable to perform a One-
Legged Stance Test for five seconds.39 Two of 3
participants were below five seconds and one
improved to greater than 5 seconds after the
intervention. The third subject’s performance
was high to begin with and improved by 6.48
seconds to the maximum attempted test time
of 30 seconds. Improvements in balance in our
study suggest that participants may be devel-
oping strategies that access other sensory cues
and increase awareness of where their body is
in space. Indeed, the average improvement
range observed in our study is comparable to a
yoga study for women with postmenopausal
osteoporosis who are also at risk for falls.43

Future studies of the AYT should assess
changes in balance in a sample larger than
three VI participants, as well as determine
whether changes in balance of this magnitude
are clinically significant and may translate into
a reduced risk for falls or injuries.

We chose to measure changes in RR in the
2nd cohorts since the main tenet of the AYT is
synchronized movement with the breath.
Modest improvements were observed in our
group; however, a larger sample size is needed
in the future to attempt to demonstrate any
statistically significant changes.

Focusing on the breath draws the attention
inward and at the same time promotes self-
awareness to muscular movements and align-
ment.45 Since the AYT contains a component of
self-awareness we believed the PHLMS would
be a useful measure. We found trends for
improved awareness scores in the 2nd cohort
group after their participation. It is interesting
to note that this difference only emerged
towards the end of the program (i.e., scores
were not qualitatively different from baseline
at week 4 testing), which indicates that culti-
vating awareness may be a process that
improves with practice. The scores for accept-
ance did not show any substantial changes,
and it is possible that acceptance is not a com-
ponent of the AYT itself or that it takes longer
than 8-weeks to manifest. A larger sample size
and/or a longer duration program will be need-
ed in the future to critically tease these apart.
To our knowledge, this is the first study that
uses yoga to reduce secondary symptoms in
the VI population. While we view our results as
promising, there are some limitations that
should be acknowledged. This proof of concept
study’s limited sample size was not designed
or powered to detect statistically significant
effects. Also due to the limited sample size, we
were unable to detect interactions between
measures such as stress and sleep. Self-selec-

tion, or other unknown factors may have con-
founded our results. Scheduling and non-
adherence were issues for 3 of the 10 partici-
pants. The potential influence of the investiga-
tor as yoga instructor may have been an issue
however at this preliminary stage, the investi-
gator’s participation as teacher provided an
intimate view of the feasibility of the sequence
and the participants perspective that would not
have been otherwise available. Computer-
assisted self-administered questionnaires
have the advantage of eliciting more openness
to sensitive information and are more accessi-
ble, however, to accommodate the needs of two
participants in this special population, surveys
were administered by phone which may have
resulted in social desirability bias.75 Using
mixed survey administration has been demon-
strated to be effective in the visually impaired
population, and indeed necessary in some
cases, resulting in good data quality.76

Future research should: i) use a run-in peri-
od with more than one visit prior to random-
ization to promote enrollment of participants
who are likely to return for multiple study vis-
its, ii) develop strategies to improve motiva-
tion, and iii) accommodate busy schedules
with various class options to help increase and
facilitate participation in the AYT. A future ran-
domized controlled trial could determine
whether the AYT is capable of producing a spe-
cific beneficial result (i.e. efficacy).

In the absence of a real placebo or sham
alternative for yoga, one possibility is an active
control group such as an education control. An
education control could include didactic pre-
sentations corresponding to information about
stress and anxiety, sleep disturbances, mind-
body relationships, orientation and mobility,
but without providing specific guidance on
strategies to improve these areas. The purpose
of the active control would be to provide partic-
ipants with the equivalent attention from an
instructor, matched for duration and frequen-
cy, social interactions with others and enjoy-
ment of the protocol. As described in the above
discussion, the next iteration of this study
would benefit from mixed methods that would
include more objective measures, as well as
standard validated questionnaires.

Our recruitment efforts yielded a heteroge-
neous sample of participants. It may be impor-
tant to distinguish between those with congen-
ital blindness vs. those with acquired VI (e.g.
RP) to determine whether there are differ-
ences either at baseline or in the responses to
the AYT based on the duration of VI. Partici -
pants with congenital vision loss may be better
adapted and therefore not as affected by bal-
ance problems (although see Stones and
Kozma, 1987)77 or negative psychosocial
states. With the exception of the balance and
RR measures, the other outcomes for the psy-
chosocial states were self-reported, and the
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subjects’ responses may have been biased
since it was not possible to mask the subjects
to the intervention.

The positive responses during the exit sur-
veys and the high participation rates among
the majority of the sample help demonstrate
the feasibility of the AYT. Participants also
reported perceived benefits and improved
quality of life. The 1st cohort of four subjects
had improved scores on the stress, anxiety and
depression questionnaires, while the 2nd

cohort of three subjects had improved scores
for the awareness, respiration, and balance
measures. Sleep disturbances trended toward
improvements in the 1st cohort, but to a lesser
degree in the 2nd cohort. These promising
results warrant further investigation with a
larger sample size and active control.
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