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Effect of Yoga on Sleep Quality and Neuroendocrine Immune
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Background: Studies have shown that distress and accompanying neuroendocrine stress responses as important predictor of survival in advanced
breast cancer patients. Some psychotherapeutic intervention studies have shown have modulation of neuroendocrine-immune responses in
advanced breast cancer patients. In this study, we evaluate the effects of yoga on perceived stress, sleep, diurnal cortisol, and natural killer (NK)
cell counts in patients with metastatic cancer. Methods: In this study, 91 patients with metastatic breast cancer who satisfied selection criteria
and consented to participate were recruited and randomized to receive “integrated yoga based stress reduction program” (n = 45) or standard
“education and supportive therapy sessions” (n = 46) over a 3 month period. Psychometric assessments for sleep quality were done before and
after intervention. Blood draws for NK cell counts were collected before and after the intervention. Saliva samples were collected for three
consecutive days before and after intervention. Data were analyzed using the analysis of covariance on postmeasures using respective baseline
measure as a covariate. Results: There was a significant decrease in scales of symptom distress (P < 0.001), sleep parameters (P = 0.02),
and improvement in quality of sleep (P = 0.001) and Insomnia Rating Scale sleep score (P = 0.001) following intervention. There was a
decrease in morning waking cortisol in yoga group (P = 0.003) alone following intervention. There was a significant improvement in NK
cell percent (P = 0.03) following intervention in yoga group compared to control group. Conclusion: The results suggest modulation of
neuroendocrine responses and improvement in sleep in patients with advanced breast cancer following yoga intervention.
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patterns of sleep with daytime sleepiness and fatigue is one
of the early signs of sleep impairment.*® This impairment in
sleep is primarily caused due to elevated stress hormones such
as cortisol and change in circadian rhythms of cortisol due to
perceived stress.!”! This triad of stress, sleep impairment, and
altered diurnal cortisol rhythm is known exacerbate symptom
distress, pain, fatigue, and lower antitumor immune response

INTRODUCTION

The advancement and progression of breast cancer impose
severe psychologic distress. There follows a sequel of
dejection, depression anxiety, and fear of dying and thoughts
of impending treatments-related side effects that are known
to cause distress, impair sleep, and normal functioning.["*

Metastatic breast cancer patients often have to cope with
uncertainty about their future which is known to cause severe
stress.®) This chronic stress is known to impair sleep and
circadian rhythms. Impairment in sleep in cancer patients
could be due to pain, electrolyte disturbances, infection, or
psychologic distress and mood states.™* Sleep is an important
buffer of stress response. Both sleep quality and duration are
important attributes of sleep.® While good sleep acts as a
buffer of stress response, impaired sleep is known to exacerbate
symptoms, distress, and fatigue.[) Alteration in circadian
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in patents.®!

This treatment-related distress coupled with daily hassles
is intense enough to cause elevated cortisol levels and
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hypothalamopituitary axes dysregulation.[®*! Most distressed
patients have had flat or upward cortisol slopes that have shown
to be an important predictor for survival.[*]

Moreover, the effects of this intense stressor are known
to affect psychoneuroendocrine and psychoneuroimmune
axes causing maladaptive neuroendocrine responses and
immunosuppression.['™!"! This is evident in earlier studies
wherein advanced breast cancer patients had low natural
killer (NK) cell counts due to their psychologic distress.®!!] The
study of changes in these pathways has intrigued scientists to
try psychologic and mind-body interventions that can modulate
these pathways and help patients cope with this stressor.

Several studies have shown that psychotherapeutic interventions
modulate abnormal rhythms and morning salivary cortisol
peaks and improve sleep quality and reduce distress.
Cognitive behavior therapy,['>!3 supportive therapy,!'* and
other mind-body therapies such as mindfulness-based stress
reduction,’™ Yoga, Tai Chi,'! etc., have shown to reduce
morning cortisol levels. In our earlier study with stage I-III
breast cancer patients undergoing radiotherapy, our integrated
yoga program showed decrease in cortisol levels following
radiotherapy.!'”? However, most of these studies have shown
changes in early cancer patients with exception of few on
metastatic breast cancer patients using psychotherapeutic
interventions.!®!

In this study, 91 patients with metastatic breast cancer were
recruited to participate in a trial comparing an integrated yoga
program versus education and supportive therapy sessions
on stress, sleep, diurnal salivary cortisol rthythms, and NK
cell counts. The recruitments were carried out from January
2004 to June 2007 with referrals from medical and radiation
oncology outpatient departments of a comprehensive cancer
care center. The Institutional Review Board of the participating
institution approved the study. The subjects were recruited if
they satisfied the selection criteria and gave written consent
to participate in the study.

Patients were included if they met the following criteria:

*  Women diagnosed with stage IV breast cancer within
6 months—2 years after diagnosis either recurrent disease
or progressive disease

*  Age between 30 and 70 years

e Zubrod’s performance status 0—2 (ambulatory >50% of time)

*  Minimum high school education

*  Willingness to participate in the study.

*  Duration of metastasis more than 1 year

*  Brain metastasis

*  Those undergoing chemotherapy/radiotherapy during
the study except for treatment of bone metastases with
bisphosphonates/zoledronic acid

*  Those on hydrocortisone medications

* A concurrent medical condition likely to interfere with
yoga intervention or survival

* Any major psychiatric, neurological illness, or
autoimmune disorders

*  Those who are on hydrocortisone medications or have
HIV

*  Pregnant and lactating mothers or planning to conceive
during the study period

e Those who are recruited for clinical trials involving
investigational new drugs

»  Prior practice of yoga in the last 6 months

e Prior chemotherapy other than treatment of bone
metastases mentioned above in the last 2 weeks

*  History of any pathologic fractures.

In this study, 257 patients with advanced metastatic breast
cancer patients were screened over a 3-year period. One
hundred and fifty-three patients were eligible, and 91 patients
consented to participate in this study. Patients were recruited
to participate in a two-arm prospective randomized controlled
trial comparing the effects of an “integrated yoga based stress
reduction program” (n = 45) versus standard “education and
supportive therapy sessions” (n = 46).

Earlier study with Mindfulness-Based Stress Reduction
Program (MBSR) had shown a modest effect size (ES = 0.38)
on EORTC QLC30 global quality of life measure.['" We used G
power to calculate the sample size with oo=0.05 and p=0.2 and
an ES of 0.38 for repeated measures ANOVA between factor
effects. The sample size thus required was (n = 44) in each
group. Second, earlier studies were only on stage I-III breast
cancer patients and not on metastatic breast cancer patients.

A person who had no part in the trial randomly allocated
consenting participants to either yoga or supportive therapy
groups using random numbers generated by a random number
table at a different site. Randomization was performed using
opaque envelopes with group assignments, which were opened
sequentially in the order of assignment during recruitment
with names and registration numbers written on their covers.

Being a popular intervention, it was not possible to mask the
yoga intervention from the subjects. However, the investigators
(treating oncologists) were blind to the intervention and
subjects were asked not to disclose the type of intervention
(yoga or supportive therapy) to them. Second, the saliva and
blood samples were blinded from the technicians who analyzed
the coded samples at a site different from the study center.
The samples and data were unblinded only at the conclusion
of the study.

Pittsburgh Insomnia Rating Scale is a widely used instrument
in clinical and research practice.'”! It is a scale with 65-items. It
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was designed to assess severity of insomnia in clinical settings.
It is known to assess subjective distress score (46 items)
related to sleep, subjective sleep parameters (10 items) and
sleep-related quality-of-life (9 items). The items have to be
scored according to symptoms experienced in the previous
week. The test-retest reliability and internal consistency for
the scale was 0.93 (Veqar and Hussain, 2016).>"

Saliva collection and storage: participants were trained to
collect their saliva by chewing on a cotton swab and dribble
the saliva to a plastic holder resting inside a sterile centrifuge
tube. Samples were collected at 0600 h, 0900 h, and 2100 h for
3 consecutive days. The samples were stored in refrigerator and
delivered to study personnel after 3 days. Samples were then
centrifuged to remove mucous, freeze, and stored at —=70°C in
Eppendorf tubes for analysis.

Salivary cortisol levels were assessed using enzyme
immunoassay method using kits manufactured by Salimetrics
Inc., USA. The test samples were run in duplicates and readings
taken on a microplate reader (Bio-Rad, USA). The tests were
standardized under controlled laboratory conditions using
standards, positive, and negative controls provided along with
the kit by the manufacturer. The plates were read at 450 nm, and
a standard curve was plotted on a graph for each run by plotting
the log of cortisol concentrations on “y” axis and log of optical
density (O.D) reading on “x” axes and best fit line determined
by regression analyses. The values were then extrapolated with
the graph using the mean O.D readings of the duplicate wells
and plotting their corresponding concentration on the graph.
The detection range with these kits was 0.012-3.0 Hgm/dl.
The intra-assay coefficient ranged from 3.35% to 3.65%
and inter-assay coefficient from 3.75% to 6.41% with these
samples. Mean cortisol levels for specific time points over a
3-day period were extrapolated.

Blood sample collection: all subjects in metastatic breast cancer
study were asked to provide blood samples at the study start
and at the end of intervention. About 5 ml of heparinized blood
sample was collected in vacuettes under sterile conditions. All
the blood samples were collected between 8 am to 12 am to
reduce diurnal variability.

The NK cell assay was done using reagents and antibodies
from DAKO Corporation, USA in a Becton Dickinson Flow
Cytometer. Flow cytometer measures and analyses optical
properties of single cells passing through a focused laser
beam, analysis of hundreds of cells per second provides a
statistically significant picture, when the cells pass through
the laser beam they disrupt and scatter the laser light which
is detected as forward scatter (FSC) and side scatter (SSC).
While FSC is related to cell size, the SSC is an indicator of
cells internal complexity. Cells are stained with monoclonal
antibodies coupled with fluorescent dye FITC, and the

conjugated samples were acquired using flow cytometer,
when acquiring, blood cells are segregated into different
populations-lymphocytes, monocytes, and erythrocytes using
cell quest pro software version 3.1. The cytometer processes
the electronic signals resulting from each cell and creates
numeric value for each parameter. Each cell count acquired
is taken as one event. Before acquiring this is set based on
the availability of the cells in the sample (it is set for 10,000
events). Once acquisition is done, the cells segregated are
analyzed by encircling the cell population in FSC/SSC plot.
Stained cells are separated from the unstained cells by gating.
The cytometer processes the electronic signals resulting
from each cell and creates numeric value for each parameter
thereby total number of NK cells and percentage NK cells
are calculated. Absolute lymphocyte count (ALC) was also
estimated using this procedure.

The intervention group received “integrated yoga program”
and the control group received “supportive counseling
sessions” both imparted as individual sessions. The objectives
of this yoga intervention as described to participants were as
follows: (i) to develop an opportunity to understand one’s
personal responses to daily stress and explore ways and means
to cope with them, (ii) to learn concepts and techniques which
bring about stress reduction and change in appraisal, and (iii) to
enable the participants to take an active part in their self-care
and healing.

The yoga practices consisted of a set of asanas (postures done
with awareness) breathing exercises, pranayama (voluntarily
regulated nostril breathing), meditation, and yogic relaxation
techniques with imagery. These practices were based on
principles of attention diversion, awareness and relaxation to
cope with stressful experiences.

The sessions began with didactic lectures and interactive
sessions on philosophical concepts of yoga and importance of
these in managing day-to-day stressful experiences (10 min)
beginning every session. This was followed by a preparatory
practice (20 min) with few easy yoga postures, breathing
exercises, and pranayama and yogic relaxation. The subjects
were then guided through any one of these meditation
practices for next 30 min which included focusing awareness
on sounds and chants from Vedic texts,?!! or breath awareness
and impulses of touch emanating from palms and fingers
while practicing yogic mudras, or a dynamic form of
meditation (cyclic meditation) which involved practice
with eyes closed of four yoga postures interspersed with
relaxation while supine, thus achieving a combination of
both “stimulating” and “calming,” practice.?” In meditation,
participants try to develop clarity in their thinking, learn
to observe their own mind, decrease negative mind states
and develop positive mind states, and maintain equipoise in
their emotions. These sessions were followed by informal
individual counseling sessions that focused on problems
related to impediments in home practice, clarification of
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participant’s doubts, motivation, and supportive interaction
with spouses. The participants were also informed about
practical day-to-day application of awareness and relaxation
to attain a state of equanimity during stressful situations and
were given homework in learning to adapt to such situations
by applying these principles.

The subjects were given booklets and instructions on these
practices and were encouraged to pursue relevant themes and
gain greater depth through proficiency in practice. Subjects
were provided audiotapes of these practices for home practice
using the instructor’s voice so that a familiar voice could be
heard on the cassette. Subjects were asked to attend yoga
intervention at least two times/week for 12 weeks. The control
groups were imparted supportive counseling during their
hospital visits. Patients were exposed to at least 24 in person
sessions with home practice on the remaining days. Patients
were asked to maintain a diary noting their daily activity, daily
yoga schedule, duration of practice, intake of medications, and
distressing symptoms if any, etc.

Their homework was monitored on a day-to-day basis by their
instructor who conducted weekly house visits, and participants
were also encouraged to maintain a daily log listing the
yoga practices done, use of audiovisual aids, duration of
practice, experience of distressful symptoms, and diet history.
There were two instructors in all one being a physician in
naturopathy and yoga and other a trained and certified therapist
in yoga from the yoga institute. They together supervised and
imparted the yoga intervention while trained social workers
and counselors at the cancer hospital imparted supportive
therapy intervention.

Supportive counseling sessions as control intervention included
two important components “education and reinforcing social
support.” The reasons why we chose to have education and
supportive therapy sessions as control intervention are 3-fold.

This was used as a control intervention to control for the
nonspecific effects of the program that may be associated with
adjustments such as attention, support, and a sense of control.
In fact, these didactic educational interventions are known
to improve quality of life of women with breast cancer?>!
and serve as an effective coping preparation in controlling
chemotherapy-related side effects.”!

Even though the use of education and supportive therapy
is a form of enhanced usual care, if yoga program does not
provide any benefit over this intervention, then we will know
that didactic educational programs should be integrated within
the standard of care.

Similar supportive sessions have been used successfully as
a control comparison group to evaluate psychotherapeutic
interventions.?*?”! These sessions aimed at enriching the
patient’s knowledge of their disease and treatment options,
thereby reducing any apprehensions and anxiety regarding their
treatment and involved interaction with the patient’s spouses.

Subjects and their caretakers were invited to participate in
an introductory session lasting 60 min before starting any
conventional treatment wherein they were given information
about each conventional treatment and management of its
related side effects, dietary advice, providing information
about a variety of common questions and showing a patient
coping successfully. This counseling was extended over
the course of their intervention during their hospital visits
(once in 10 days, 15 min sessions), and participants were
encouraged to meet their counselor whenever they had any
concerns or issues to discuss. Subjects in the supportive therapy
group also completed daily logs or dairies on treatment-related
symptoms, medication, and diet while the goals of yoga
intervention were stress reduction and appraisal change, the
goals of supportive therapy were education, reinforcing social
support, and coping preparation.

Baseline assessments were done on 91 patients in case
of metastatic breast cancer patients. A total of 66 patients
contributed data to the current analyses. The reasons for
dropouts were attributed to migration to other hospitals,
use of other complementary therapies (e.g., homeopathy
or ayurveda), lack of interest, time constraints, and other
concurrent illness [Figure 1]. Among the 66 study completers,
46 out of 66 completers gave the saliva samples as per protocol.
Fifteen subjects (yoga n =5, control, n = 10) in the study were
not comfortable in giving saliva samples. Subjects who missed
collecting saliva sample on consecutive days at the same time
were excluded from the analysis (n = 5).

Statistical procedures were conducted using SPSS version
10 (Sun Micro solutions, Gujarat, India) for PC Windows

| Number of patients screened (n = 237) |

I

| Eligible patients (n = 153) |

|

Number consented and
randomized (n = 91)

|
l l

Yoga intervention Supportive counseling
(n=4b) n=46)

7 Study drop out 18
Reasons for drop out

Migration to other hospital 5
Use of other CAM 6
Refusal to continue study 2
Time constraints 0
Concurrent illness 5

WNO = =

Post assessment (n = 35) Post assessment (n = 31)

v v

Number of subjects provided Number of subjects provided
saliva for cortisol = 25 saliva for cortisol = 21

Figure 1: Trial profile
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2000. The data of baseline and follow-up of both the groups
were assessed with tests for normality and homogeneity
using Shapiro—Wilks test and one-way ANOVA. We used
the analysis of covariance (ANCOVA) to study the effects of
intervention on outcome measures at follow-up assessments
using their respective baseline measure as a covariate. Paired
samples’s-test was done to see within-group changes. All
analyses were carried out with intention to treat principle to
account for missing values and dropouts.

Mean cortisol levels for specific time points over a
3-consecutive days were extrapolated at 0600, 0900,
2100 hrs. The diurnal cortisol response was evaluated
by calculating the area under curve for time 0600, 0900
and 2100 h. This helps to limit the amount of statistical
comparisons between groups to minimize the correction of
the a-error probability. With the AUC variables, the number
of repeated measurements is irrelevant and thus, the number
of statistical comparisons only depends on the number
of groups to be compared. With the two AUC formulas,
AUCg for baseline diurnal cortisol measurements and AUCi
increase in the AUC with respect to AUCg for postmeasure
using trapezoidal method,?® different aspects of the time
course of the repeated measurements could be assessed. The
slope of diurnal cortisol rhythm was analyzed using random
coefficient modeling (i.e., “linear mixed models”), which
has been advocated by some researchers.””? Slopes were
compared at baseline and at postmeasurements in both the
groups. Alternatively, nonparametric Mann—Whitney U-test
and Wilcoxon-signed rank test were also done for variables
with skewed distribution.

The mean age of participants was 48.9 + 9.1 years in
yoga and 50.2 £ 9.2 years in control groups. Twenty-Six
subjects underwent surgery, chemotherapy, radiotherapy
and chemotherapy, 11 subjects received chemotherapy and
radiotherapy and eight subjects underwent surgery and
radiotherapy as primary treatment. Participants in both groups
were comparable with respect to sociodemographic and
medical characteristics. A goodness of fit test run on all these
demographic variables did not show any significant changes
between yoga and supportive therapy groups (P > 0.05)
[Table 1].

ANCOVA on postmeasures using baseline symptom distress
scores as a covariate showed a significant difference between
groups with better decrease in symptom distress scores in yoga
compared to control group [F (1,61)=21.23, P<0.001, ES-1.2,
Percentage change (PC) - 91.31%)]. Paired-sample #-test done
to assess within group change showed a significant decrease in
symptom distress scores in yoga group only (£=3.1, P=0.004)
and not in the control group (¢ =—1.32, P=0.19) [Table 2].

ANCOVA on postmeasures using baseline sleep distress
parameter scores as a covariate showed a significant difference
between groups with better decrease in sleep distress parameter
scores in yoga compared to control group [F (1,61) = 5.75,
P=0.02, ES - 0.6, PC - 111.43%)]. Paired-sample #-test done

Table 1: Demographic and medical characteristics of the initially randomized sample

Variable Yoga (n=45) Control (n=46) Total (n=91) P
Age (years), mean+SD 48.949.1 50.249.2 49.6+9.1 0.76
Duration of cancer (months), mean+SD 44.3£27.5 38.6+£31.6 41.6+£29.4 0.24
Duration of disease free survival (months), mean+SD 28.4+32.1 20.5+30.9 24.6+£31.4 0.33
Duration of metastatic disease (months), mean+SD 18.1£9.9 17.9+9.3 17.94£9.6 0.71
Treatment regimen, n (%)

S+CT+RT+CT 26 (57.8) 22 (47.8) 48 (52.7) 0.86

CT +RT 11 (24.4) 17 (36.9) 28 (30.8)

S+ CT+RT 8(17.8) 7(15.2) 15 (16.5)

S: Surgery, CT: Chemotherapy, RT: Radiotherapy, SD: Standard deviation

Table 2: Comparison of Insomnia Rating Scale scores using analysis of covariance between yoga and control groups

with the respective baseline measure as a covariate

Outcome variables Yoga (n=33), mean=SD Control (n=31), mean=SD Effect size (Y-C)
Pre Post Percentage Pre Post Percentage (Cohen’s d)  percentage
IRS symptom distress ~ 20.97+20.48  7.88+14.29%*1f 62.42 32.16£31.86  41.45+35.56 —28.89 12 91.31
IRS sleep parameter 6.91+6.81 3.18+5.67*F 53.98 7.52+6.67 11.84+19.57 —57.45 0.6 —3.47
IRS QOL 14.06£6.44  10.36+4,10%* 26.32 16.00£6.13  15.03+5.50 6.06 0.9 20.25
IRS total scores 43.03£34.03  21.42+22.3%*1 50.22 55.77+41.32  67.23+47.17 -20.55 12 70.77

*P<0.05, **P<0.01 for within group change using paired ¢-test. 7P<0.05, 7'P<0.01, *P<0.001 for between group change using ANCOVA. IRS: Insomnia
Rating Scale, QOL: Quality of life, SD: Standard deviation, ANCOVA: Analysis of covariance
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to assess within group change showed a significant decrease
in sleep distress parameter scores in yoga group only (£ = 2.5,
P =0.01) and not in the control group (¢ = —1.30, P = 0.20)
[Table 2].

ANCOVA on postmeasures using baseline sleep quality of life
scores as a covariate showed a significant difference between
groups with better decrease in sleep quality of life scores in
yoga compared to control group [F (1,61)=13.03, P=0.001,
ES - 0.9, PC - 20.25%]. Paired-sample ¢-test done to assess
within group change showed a significant decrease in sleep
quality of life scores in yoga group only (¢ = 2.9, P = 0.006)
and not in the control group (¢ =0.78, P = 0.44) [Table 2].

ANCOVA on postmeasures using baseline sleep total distress
scores as a covariate showed a significant difference between
groups with better decrease in sleep total distress scores in
yoga compared to control group [F (1,61) =22.40, P=0.001,
ES - 1.2, PC - 70.77%]. Paired-sample ¢-test done to assess
within group change showed a significant decrease in sleep
total distress scores in yoga group only (¢ = 3.3, P = 0.002)
and not in the control group (1= —1.33, P =0.19) [Table 2].

ANCOVA was used to assess between-group differences
using baseline cortisol value (for the corresponding time)
as a covariate did not show any significant change. A liner
mixed effects model using R software showed no difference
in precortisol slopes (P = 0.67, t = 0.41) and postcortisol
slopes (post: P =0.42, t = 0.8) between groups [Table 3].
Paired-samples #-test to assess within group change following
intervention showed a significant decrease in 0600 h. Cortisol
(t=2.28, P=0.031) in yoga group alone but not in the control
group (=-0.31, P=0.76) [Table 3].

ANCOVA was used to assess between-group differences using
baseline NK cell % value as a covariate showed significant
improvement in NK cell % in yoga group compared to control
group [F (1, 31) =543, P=0.03, ES - 0.5, PC - 32.43%].
Other parameters such as NK cell count did not show any
significant difference between groups. Paired-samples #-test to
assess within group change following intervention showed a
significant increase in NK cell % (=-3.10, P<0.01) in yoga
group alone but not in the control group (¢ = 1.03, P = 0.32)
[Table 4].

The baseline values of ALC were different in the two groups.
There was no significant change within or between groups in
ALC [Table 4].

In this study, the adherence was good with 80% attending
24 supervised sessions. There was a significant decrease in
9 am salivary cortisol levels (¢ = —3.6, P = 0.001) in those
who attended >20 classes as compared to those attending <20
classes on independent samples #-test [Table 5].

In this study, there was a significant decrease in symptom
distress (91.3%, ES=1.2), sleep parameters (111.4%, ES=0.6),
quality of life (20.3%, ES = 0.9), and overall insomnia score
(70.8%, ES = 1.2). Our results are consistent with earlier
findings with mindfulness-based stress reduction intervention
that has shown improvement in overall sleep quality by
20.4%.5% Insomnia has been related to poor NK cell function,
higher morning cortisol levels and abnormal diurnal rhythms
in breast cancer patients.’™ This is an important problem as it

Table 3: Results of diurnal cortisol levels after intervention using paired f-test and analysis of covariance

Outcome variables Yoga (n=25), mean=SD Control (n=21), mean+SD Effect size (Y-C)
Pre Post Percentage Pre Post Percentage  (COnen’sd)  percentage
600 h cortisol 0.22+0.15 0.15+0.13% 31.82 0.22£0.26  0.24+0.22 -9.09 0.5 4091
900 h cortisol 0.11+0.06 0.07+£0.08 36.36 0.14£0.15  0.19+0.29 -35.71 0.6 72.08
2100 h cortisol 0.09+0.08 0.10+£0.24 -11.11 0.12£0.15  0.12+0.14 0.00 0.1 -11.11
Mean cortisol 0.15+0.11 0.11£0.13 26.67 0.19£0.25  0.18+0.20 5.26 0.4 21.40

*P<0.05 for within group change using paired #-test, SD: Standard deviation

Table 4: Comparison of mean values of natural killer cell and absolute lymphocyte count levels using paired /-test and
analysis of covariance

Outcome Yoga (n=19), mean=SD Control (n=15), mean=SD Effect size (Y-C)
variable Pre Post Percentage Pre Post Percentage (Cohen’s d) percentage
NK-cell count  209.21+123.12  213.16+125.31 1.89 192.73+130.39  181.47+109.07 -5.84 0.3 -7.73
NK % 9.68+4.28 11.32+4.92%1 16.94 10.33+5.61 8.73+5.55 —15.49 0.5 —32.431
ALC 2016.05£768.18  2041.26+853.73 1.25 1792.93£997.22  1829.93+797.73 2.06 0.3 0.81

*P<0.05 for within group change using paired #-test, "P<0.05 for between group change using ANCOVA. NK: Natural killer, ALC: Absolute lymphocyte
count, ANCOVA: Analysis of covariance, SD: Standard deviation
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Table 5: Comparison of change scores on salivary cortisol and natural killer cell counts using independent samples
t-test between those attending yoga classes (>20/<20 classes) in yoga group

Attendance

category 6 am cortisol 9 am cortisol 9 pm cortisol
<20 classes (n=10) 0.10+0.16 -0.05+0.09 —0.060.54**
>20 classes (1=24) 0.05+0.15 0.07+0.07 0.07+0.08

Mean=SD

Mean cortisol NK-cell counts NK-cell % ALC
—0.00+0.54 43+71.8 —0.74+1.6 670.8+120.2
0.06+0.08 —-22.7+129.8 —2.142.4 321.3+687.8

**P<0.01. SD: Standard deviation, ALC: Absolute leukocyte count, NK: Natural killer

seems to worsen with age and psychological distress.® This
is also one of the important symptoms in the cancer care
continuum expressed often by patients.! Improving sleep
duration, quality, and restoring the normal sleep rhythms are
important to preserve immune homeostasis and quality of life.
The improvements seen with our intervention suggests that
yoga could be used as an adjunct to manage sleep disorders
in cancer patients.

There was also a significant decrease in early morning salivary
cortisol levels in the advanced breast cancer study in yoga
group only (40.9%, ES =0.5). The decrease in morning salivary
cortisol levels suggests possible stress-reducing benefits of
yoga intervention. Our results are similar to earlier studies
that have shown similar decreases in cortisol in early breast
cancer study undergoing adjuvant radiotherapy.l'” Our results
are also similar to changes (16%-45%) in cortisol seen with
behavioral interventions in cancer populations.['*342 While
these earlier studies have measured one time plasma cortisol,
we chose to assess both morning and evening levels of free
salivary cortisol as changes in the rate of cortisol secretion
over a day (diurnal cortisol rhythm) is considered as a robust
measure compared to onetime cortisol assessment.®33 Earlier
studies with similar stress reduction interventions such as
MBSR have also shown decrements in cortisol in breast cancer
patients who had initially high cortisol levels suggesting that
more distressed patients tend to benefit with stress reduction
intervention.!"8 However, there was no difference in both high
and low basal cortisol groups in our study.

One of the major limitations in this study is the inequality
in contact duration of interventions. Supportive therapy
interventions were used with an intention of negating
the confounding variables such as instructor-patient
interaction, education, and attention.””” However, inequality
in contact duration of this intervention could have affected its
effectiveness as successes of such interventions depend mainly
on contact duration and content. Similar supportive sessions
have been used successfully as a control comparison group to
evaluate psychotherapeutic interventions??’! and have been
effective in controlling chemotherapy-related side effects.

Future studies should unravel the putative mechanisms and
aspects of hypothalamic-pituitary-adrenal axes dysregulations
and assess neuroendocrine responses to artificially induced

stressors in the laboratory. Future studies should use more
sophisticated measurements of immune function such as NK
cell cytotoxicity, DNA repair mechanism, etc., to understand
the psychoneuroimmune mechanisms underlying such
interventions. Larger randomized controlled studies using
more structured psychiatric and behavioral intervention as
controls are needed.
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