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Abstract

Purpose: Ongoing symptoms and impairments in quality of life (QOL) among breast cancer survivors remain a significant

problem. We tested the feasibility and acceptability of a manualized Ayurvedic nutrition and lifestyle intervention for breast

cancer survivors.

Methods: Eligible participants had Stage I–III breast cancer, underwent treatment within the past year that included che-

motherapy, and were without active disease. The 4-month individualized Ayurvedic intervention included counseling on

nutrition, lifestyle, yoga, and marma (like acupressure) during 8 one-on-one visits with an Ayurvedic practitioner. Feasibility

and acceptability were the primary outcomes. QOL (European Organization for Research and Treatment of Cancer Quality

of Life Questionnaire [EORTC QLQ C30]) and symptoms—sleep disturbance (General Sleep Disturbance Scale [GSDS]),

fatigue (Lee Fatigue Scale [LFS]), depressive symptoms (Center for Epidemiological Studies—Depression Scale [CES-D]),

anxiety (Spielberger State-Trait Anxiety Inventory [STAI-S, STAI-T]), and stress (Perceived Stress Scale [PSS])—were mea-

sured prior to, at midpoint, and at the end of the 4-month intervention. Effect sizes (Cohen’s d) were calculated along with

paired t tests comparing baseline to end of month 4 time points. Mixed effects models were used for repeated measures

analyses.

Results: Participants (n¼ 32) had a mean age of 48 years (SD¼ 10). Retention at the end of the intervention was 84%.

Among those who completed the intervention (n¼ 27), adherence was high (99.5% of visits with practitioners attended).

Large improvements were seen in QLQ-C30 emotional functioning (d¼ 0.84, P< 0.001), QLQ-C30 cognitive functioning

(d¼ 0.86, P< 0.001), GSDS (d¼ –1.23, P< 0.001), and CES-D (d¼ –1.21, P< 0.001). Moderate improvements were seen in

QLQ-C30 global health (d¼ 0.65, p¼ 0.003), LFS (d¼ –0.68, P¼ 0.002), and PSS (d¼ –0.75, P< 0.001). No adverse events

were observed due to the intervention.
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Conclusion: This 4-month Ayurvedic whole-systems multimodal nutrition and lifestyle intervention was feasible and

acceptable for breast cancer survivors. Promise of clinical benefit was seen in terms of improvements in symptoms and

QOL that warrants further investigation.
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Introduction

Breast cancer is the leading cancer diagnosis among
women.1 In 2018, 30,000 cases of breast cancer were
reported in the United States alone, and nearly 2.1 mil-
lion women were diagnosed worldwide.2 Breast cancer
survival rates have improved over the years, likely due to
advancements in screening, awareness, and treatment.3

Currently, an estimated 3.8 million women in the United
States are breast cancer survivors.4

Addressing the needs of an increasing breast cancer
survivor population is important and has proven chal-
lenging.5 Numerous symptoms often persist years after
the completion of treatment.6–8 These symptoms include
fatigue,9–11 sleep disturbance,12,13 anxiety, and depres-
sion,14 along with impaired cognitive functioning,15

that can be disabling and adversely impact quality of
life (QOL).16,17 Despite growing evidence that a patient’s
psychosocial health outcome can be improved through
effective interventions,14 and encouragement by the
National Academy of Medicine (NAM) for health care
providers to address these growing health needs, survi-
vors continue to describe the paucity of care after the
completion of primary cancer treatment.18,19

While Survivorship Care Plans (SCPs) have been
encouraged by the NAM and professional societies to
address the paucity of care,20,21 evidence-based studies on
SCPs show varying results,22,23 with either no benefits or
benefits that last for a short duration.24,25 While patients
may respond positively to elements of SCPs, such as satis-
faction with the information received,24 SCPs do not
address symptoms or QOL outcomes.23 Therefore, the
investigation of other approaches that address symptoms
and QOL may prove complementary to SCPs.

Due in part to the persistence of symptoms and impair-
ments in QOL, up to 86% of breast cancer survivors uti-
lize complementary and integrative medicine (CIM)
approaches,26,27 which include acupuncture,28,29 yoga,30–
32 mindfulness-based stress reduction,33 diet,34 and exer-
cise.35 While CIM approaches have shown promise in
improving symptoms and QOL, there is currently no

standardized approach. Moreover, studies of individual-
ized, multimodality CIM interventions are lacking.

With the long-term goal of addressing cancer survivor
symptoms and QOL impairments, we developed, using a
modified Delphi method,36,37 a whole-systems multimo-
dality nutrition and lifestyle approach based on
Ayurvedic Medicine.38 Originating from South Asia,
Ayurveda (meaning “the science of life”) is a compre-
hensive whole system of medicine that aims to promote
health and healing.39 Ayurveda maintains a guiding
principle in attaining health through maintaining or
restoring physiologic homeostasis.39 Ayurvedic theory
states that each individual has an in-born mind–body
constitution (called prakruti) that is described by 3 phys-
iologic principles (called doshas).40 These 3 doshas can
become imbalanced, which is an illness state called vik-
ruti.39 In the case of vikruti, the goal is to restore the
balance of the doshas to the prakruti state (ie, physiolog-
ic homeostasis) through nutrition, lifestyle, and other
treatment approaches.39 Digestion, absorption, and
metabolism (called agni) are key concepts in Ayurvedic
nutrition. Posttreatment cancer survivors who are in a
vikruti (imbalanced) state and have problems with agni
(digestion and metabolism) may benefit from an
Ayurvedic nutrition and lifestyle approach.38 However,
this has not previously been studied.

Given the inconsistencies and gaps in care for survi-
vors, as well as a lack of consensus on best approaches,
we tested the feasibility and acceptability of a 4-month
whole systems, individualized, multimodality nutrition
and lifestyle approach, based on Ayurvedic Medicine,
for breast cancer survivors. We hypothesized that this
traditional Ayurvedic approach would be feasible and
acceptable and show promise of clinical benefit.

Methods

Study Design

We conducted a single-arm pilot clinical trial of a man-
ualized38,41 4-month nutrition and lifestyle intervention
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based on Ayurvedic Medicine. The study was designed

to assess the feasibility and acceptability of the manual-

ized Ayurvedic intervention. The participants were

enrolled in 3 cohorts. The feasibility and acceptability

data from each cohort were used to evaluate the man-

ualized intervention and study procedures in order to

make modifications, if indicated. The study was

approved by the University of California, San

Francisco (UCSF) Institutional Review Board (IRB),

and written informed consent was obtained from all

the participants.

Study Population

Women with Stage I–III breast cancer, who were with-

out active disease, and within 1 to 12months of complet-

ing primary treatment (chemotherapy, radiation

therapy, or surgery, whichever was the last received)

were eligible. Chemotherapy in the adjuvant or neoadju-

vant setting was required. The participants had to be

18 years or older, had a Karnofsky Performance

Status42 score of greater than 60, be able to read and

write English, and be able to give informed consent.

Exclusion criteria included receiving chemotherapy or

radiation at the time of enrollment (trastuzumab was

allowed), less than 1 month from surgery for breast

cancer (including reconstructive surgery), receipt of

adjuvant hormone therapy for less than 1 month prior

to enrollment, and having received Ayurvedic treatment

within 2months of study enrollment.
Participants were recruited from the breast oncology

practice at the UCSF Helen Diller Family

Comprehensive Cancer Center, the breast oncology

practice at Zuckerberg San Francisco General

Hospital, other oncology practices in the greater San

Francisco Bay Area, the UCSF Osher Center for

Integrative Medicine, IRB approved mailings to

patients, fliers, and clinicaltrials.gov.

Study Intervention

The Ayurvedic intervention in this study was based on

the traditional Ayurvedic practice of swastha vritta

(attaining and maintaining well-being).39,40 Swastha

vritta includes a focus on ahara and vihara (nutrition,

lifestyle, yoga, and marma).39,40 In Ayurvedic clinical

practice, the focus of swastha vritta matches with the

needs of cancer survivors, posttreatment, to regain

homeostasis and well-being.
The study followed the protocol described in the

treatment manual that was developed from a prior

study by our group utilizing a Delphi approach.43 The

Ayurvedic intervention was delivered by 2 Ayurvedic

practitioners. One had a Bachelor’s in Ayurvedic

Medicine and Surgery, which is a 6-year graduate

degree earned at an Ayurvedic university in India, and
more than 10 years of clinical experience as an Ayurvedic
practitioner. The other practitioner was trained in
Ayurveda in the United States in a 1500-h training pro-
gram and had over 20 years of clinical experience as an
Ayurvedic practitioner. Both had experience working
with cancer patients, including having worked with
more than 50 cancer patients in their career.

During the 4-month intervention, the participants
attended a total of 8 one-on-one clinic visits with an
Ayurvedic practitioner that focused on a whole systems,
individualized, multimodality intervention comprised of
nutrition, lifestyle, yoga, and marma44 (similar to acu-
pressure) treatment. The manual-directed intervention
consisted of a total of 9 intervention hours that included
an initial 120-min consultation, during which the
Ayurvedic diagnoses were made and the corresponding
individualized treatment plan was created and imple-
mented (Supplementary Figure 1). The remaining 7 ses-
sions were each 60-min follow-ups in which counseling
(education and prescriptions) was provided for
Ayurvedic nutrition, lifestyle, yoga, and/or marma.
The Ayurvedic diagnoses were reevaluated at each of
the follow-up visits, resulting in modifications to the
treatment plan, if indicated. The Ayurvedic diagnoses
included prakruti (constitution) and vikruti (current
imbalance). Both are defined by the relative proportions
of the 3 doshas, which are vata (principle of movement),
pitta (principle of transformation), and kapha (principle
of structure). Additionally, the diagnoses of the state of
agni and ama (digestion and metabolism) and dhatus and
srotas (body systems) were made.

The Ayurvedic intervention components—nutrition,
lifestyle, yoga, and marma—were individualized based
on the Ayurvedic diagnoses (Supplementary Figure 1).
Based on these diagnoses, specific nutrition guidance
was provided that included particular foods to empha-
size or limit. Lifestyle recommendations were provided
for daily and seasonal routines; stage of life; for planning
sleep-times, wake-times, and mealtimes; and relaxation.
Components of yoga, which were prescribed based on
the Ayurvedic diagnoses, included postures, breathing,
and meditation and were taught in a gentle and simple
manner. Marma, known as healing touch, utilizes 108
points along srotas (channels), analogous to
Traditional Chinese Medicine acupuncture points and
meridians but without the use of needles. Marma,
which was based on the Ayurvedic diagnoses, was
administered by delivering gentle pressure to specific
points on the body by the Ayurvedic practitioner
during study visits.

In addition to attending clinic visits with Ayurvedic
practitioners, the participants engaged in home practice.
They were asked to incorporate nutrition and lifestyle
recommendations into their daily routines at home.
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They were taught and given yoga and marma regimens
to follow on their own, on a daily basis. Adherence to
these home practices was measured using approaches
described below in the study measures section.

Study Measures

Feasibility and acceptability were assessed through
recruitment (ie, number screened), enrollment (ie, reach-
ing enrollment benchmarks, time to enroll), retention (ie,
number of participants completing the study; bench-
mark >80%), and adherence. Adherence to the study
intervention was evaluated based on the percentage of
Ayurvedic clinical visit attendance (benchmark >80%)
and according to home practice of the 4 main interven-
tion components–nutrition, lifestyle, yoga, and marma.
Adherence to each of these components was assessed
from the participants using a 0–10 rating scale (with 0
representing no adherence and 10 representing full
adherence to all recommendations). The participants
were sent weekly text messages and were asked to rate
their adherence considering their performance during the
previous 24-h window. Over the 4-month intervention
period, all participants were asked about adherence,
time, and effort devoted to each component of the inter-
vention. The intervention was evaluated for fidelity by
direct observation and recordings of a subset of sessions
with participants and compared to the study manual.

The patient-reported outcomes (PROs) that were col-
lected included symptom and QOL outcomes. Among
the QOL outcomes were global health status, functional
scales, symptom scales, and a measure of spiritual well-
being. Symptoms of interest included sleep disturbance,
fatigue, depressive symptoms, anxiety, and perceived
stress. These PROs were collected to determine the
promise of clinical benefit of the intervention. These
are described in detail below.

The European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ C30)45 was used to assess QOL, in con-
junction with the breast cancer specific module (BR23).
The EORTC QLQ C30 is a 30-item cancer-specific mea-
sure with 3 multi-item scales: global health status/QOL;
functional scales (physical, role, cognitive, emotional,
and social); and symptom scales (fatigue, nausea and
vomiting, pain, dyspnea, insomnia, appetite loss, consti-
pation, diarrhea, and financial difficulties).46 The BR23
includes 2 scales: functional scales (body image, sexual
functioning, sexual enjoyment, and future perspective)
and symptom scales (systemic therapy side effects,
breast symptoms, arm symptoms, and upset over loss
of hair).46 Higher scores for functional scales indicate
healthier levels of functioning, while higher scores for
symptoms scale represent more severe symptoms.
These validated, cancer-specific instruments were

chosen because they are brief and evaluate dimensions
that may be impacted by a holistic intervention, such as
the one in this study. The EORTC QLQ C30 B23 was
administered at baseline (BL), and at the end of weeks 4,
8, 12, and 16.

Sleep disturbance was measured by the 21-item
General Sleep Disturbance Scale (GSDS) that has been
utilized in studies with cancer patients and has well-
established reliability and validity.47,48 Each item is
rated on a 0–7 (0¼never to 7¼ daily) numeric rating
scale (NRS). The GSDS total score represents a global
measure of sleep, while the 7 subscales capture specific
dimensions of sleep (quality of sleep, quantity of sleep,
sleep onset latency, midsleep awakenings, early awaken-
ings, medications for sleep, and excessive daytime sleep-
iness). The GSDS total score ranges from 0 to 147
(0¼no sleep disturbance, 147¼ extreme sleep distur-
bance), with a cutoff score between good and poor
sleepers at 43.49 Subscale items have narrower score
ranges, but the same directionality (higher numbers rep-
resent poorer sleep). The GSDS was administered at BL,
midpoint (at the end of week 8), and at the end of the
study (at the end of week 16).

The 18-item Lee Fatigue Scale (LFS) was used to
measure fatigue and energy.50–52 Each item is rated on
a 0–10 NRS. The mean of the 13 items for fatigue and 5
items for energy was calculated. For fatigue, a higher
score represents greater fatigue (cutoff �4.4). For
energy, higher scores represent better energy levels
(cutoff� 4.8). The LFS was administered at BL, mid-
point (at the end of week 8), and at the end of the
study (at the end of week 16).

Depressive symptoms were measured using the 20-
item Center for Epidemiological Studies—Depression
Scale (CES-D)53,54 that assesses real-time levels of
depressive symptoms. A total summary score ranges
from 0 to 60, with a score of �16 indicating the need
for diagnostic evaluation for major depression. The
CES-D was administered at BL, midpoint (at the
end of week 8), and at the end of study (at the end of
week 16).

Symptoms of anxiety were measured using the
Spielberger State-Trait Anxiety Inventory (STAI-S,
STAI-T).55 Each measure consisted of 20 items that
were summed and total scores range from 20 to 80,
with a higher score indicating greater anxiety. The
cutoff scores for State and Trait anxiety are �31.8 and
�32.2, respectively. State anxiety56 (STAI-S) questions
measured a participant’s transitory emotional responses
to current stressful situations. The STAI-S was adminis-
tered at BL, midpoint (at the end of week 8), and the end
of study (at week 16). The STAI-T assesses an individ-
ual’s inherent predisposition to anxiety according to
their personality and is considered consistent over
time. It was administered at BL.
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The Perceived Stress Scale (PSS)57 is a 10-item scale
rating that evaluates the frequency of feelings and
thoughts related to general stress (0¼never to 4¼ very
often). A higher summed score, which ranges from 27 to
40, is considered higher perceived stress. The PSS was
administered at BL, midpoint (at the end of week 8), and
at the end of study (at week 16).

Spiritual well-being was measured using the 12-item
Functional Assessment of Chronic Illness Therapy—
Spiritual Well-Being (FACIT-SP-12)58,59 that evaluates
a sense of meaning, peace, and the role of faith in illness.
Higher scores reflect higher well-being. This measure
was administered at BL and at the end of study (at
week 16).58

Participants were additionally asked questions per-
taining to their expectations for the intervention. This
measure was adapted from Kalauokalani et al.60 Each
of the 3 items on the questionnaire was rated on a 0 (not
at all helpful) to 10 (extremely helpful) scale. The follow-
ing expectation questions were asked at BL: BL expec-
tancy question 1 asked how helpful the participant
thought the intervention would be for them; BL expec-
tancy question 2 asked how helpful the participants
believed the intervention would be for their QOL; and
BL expectancy question 3 asked how helpful the partic-
ipants believed the intervention would be for their cancer
treatment-associated symptoms.

Analysis

An intent-to-treat approach was utilized. The data were
used to assess the strengths and weaknesses of the study
protocol and Ayurvedic treatment manual and to inform
subsequent studies. The key benchmarks for feasibility
and acceptability were prespecified as reaching an 80%
retention rate and at least 80% adherence with
Ayurvedic clinic visits among those retained.

Descriptive statistics were used to summarize demo-
graphic, health history, and adherence parameters.
Paired t tests were used to evaluate for differences
between BL and end of week 16 time points, along
with effect sizes (Cohen’s d) for all PROs.
Additionally, mixed effects models were used for repeat-
ed measures analyses to incorporate all measurement
time points for all PROs and to stay as true as possible
to an intent-to-treat approach. Maximum likelihood
estimation of linear mixed effects models allows all avail-
able data to be used and effectively manages missingness
under missing at random assumptions.61 In these
models, time was used as the predictor variable, and
the individual scale scores for each of the PRO measures
was the outcome variable (one model for each PRO).
Models included a random person effect to account for
the correlation of repeated measures. Estimated means
for the measures of interest at each study time point,

along with their 95% confidence intervals, were derived
from the mixed effects models.

Two additional sets of mixed effects models were run:
first to see if there were differences between the 3
cohorts, which were enrolled in 3 separate waves with
minor protocol modifications between the waves. A
cohort indicator was used as a covariate to assess wheth-
er observed effects were moderated by cohort. A second
set of adjusted models included BL expectations (one set
of models for each of the 3 expectation questions) as
covariates, to assess whether expectations at BL moder-
ated the impact of the intervention on PROs.

Our choice of sample size was determined by several
factors. The key consideration was the ability to assess
feasibility and acceptability. Enrolling 32 participants
who each underwent 8 visits yielded a total of 256
visits across which we could assess adherence. Other
considerations included cost relative to available fund-
ing, time available for recruitment, and that this pilot
study was the first implementation of an intervention
of this kind in this patient population. Determining
acceptability also influenced the choice of sample size.
We needed sufficient participants to reach saturation for
qualitative data (reported elsewhere) and to determine
the promise of clinical benefits of the intervention, based
on the PROs.

Results

Participant Flow

Of the 124 women who initially expressed interest and
were screened, 92 were excluded (Figure 1). Of the 92
who were excluded, 37 women did not meet eligibility
criteria for the following reasons: more than 1 year since
completing treatment (n¼ 15), had not received chemo-
therapy (n¼ 10), receiving ongoing cancer treatment at
the time of screening (n¼ 9), receiving hormone therapy
for <2months at the time of screening (n¼ 2), or recent
exposure to Ayurveda (n¼ 1). Nineteen declined to par-
ticipate due to logistical challenges including distance
(n¼ 9), time commitment (n¼ 6), and/or lack of motiva-
tion to change diet and lifestyle practices (n¼ 4). Those
individuals who initially expressed interest but who
could not be reached thereafter were categorized as
“unknown” (n¼ 36). Of the 32 participants who con-
sented and began the intervention, 5 dropped out or
were lost to follow-up. The remaining 27 (85%) partic-
ipants completed the full intervention.

Study Sample

The mean age of the participants was 48 years (Table 1).
Participants were well educated, and most were
employed during the time of the intervention (91%;

Dhruva et al. 5



n¼ 29). The majority of the participants had Stage II or

III breast cancer (75%, n¼ 29). Seventy-eight percent

had received radiation (n¼ 25) and 53% (n¼ 17) had

received adjuvant chemotherapy (the rest received neo-

adjuvant chemotherapy).

Study Outcomes

Feasibility and acceptability. Screening and recruitment

occurred over 32months - divided into 3 distinct periods

(one for each cohort) between March 2012 and

December 2015. Twenty-seven participants (84%) com-

pleted the study intervention, which exceeded our reten-

tion benchmark (>80%). Among those retained, nearly

100% attendance in clinic visits with the Ayurvedic prac-

titioner was achieved (1 participant missed 1 clinic visit

with the practitioner; 215/216 visits attended [99.5%]),

which exceeded our other adherence benchmark

(>80%).
The participant’s mean self-reported adherence on a

0–10 scale to nutrition was 6.9 (SD¼ 1.8) and lifestyle

was 6.6 (SD¼ 2.0). Adherence was rated somewhat

lower for yoga (4.6, SD¼ 3.0) and marma (5.8,

SD¼ 2.8).

Patient-reported outcomes. The summary of QOL out-

comes (EORTC QLQ-C30 and BR23) across all time

points are shown in Table 2. Large effect sizes reflecting

improvements over time were seen in emotional func-

tioning (d¼ 0.84, P< 0.001) and cognitive functioning

(d¼ 0.86, P< 0.001). Medium effect sizes reflecting

improvements over time were seen in global health

(d¼ 0.65, P¼ 0.003), social functioning (d¼ 0.47,

P¼ 0.024), fatigue (d¼ –0.57, P¼ 0.007), insomnia

(d¼ –0.52, P¼ 0.014), sexual enjoyment (d¼ 0.73,

P¼ 0.18), and arm symptoms (d¼ –0.57, P¼ 0.008).

Small effect sizes, most of which were not statistically

significant, were seen in physical functioning (d¼ 0.32,

P¼ 0.11), role functioning (d¼ 0.23, P¼ 0.25), nausea

and vomiting (d¼ –0.06, P¼ 0.76), dyspnea (d¼ –0.26,

P¼ 0.19), appetite loss (d¼ –0.05, P¼ 0.80), constipa-

tion (d¼ –0.18, P¼ 0.38), diarrhea (d¼ –0.27,

P¼ 0.18), financial difficulties (d¼ –0.25, P¼ 0.22),

body image (d¼ 0.48, P¼ 0.022), sexual functioning

(d¼ 0.10, P¼ 0.62), future perspective (d¼ 0.48,

P¼ 0.022), systematic therapy side effects (d¼ –0.40,

P¼ 0.055), and breast symptoms (d¼ –0.17, P¼ 0.40).
The summary of symptom outcomes across all time

points is shown in Table 3. Large effect sizes reflecting

Figure 1. The CONSORT Flow Diagram.
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Table 1. Demographic and Clinical Characteristics.

Characteristic Level % a

Age at enrollment (years) 18–40 21.9 7

41–50 43.8 14

51–60 25.0 8

>60 9.4 3

Race White 75.0 24

Black or African-American 6.3 2

Asian 9.4 3

Native Hawaiian or Pacific Islander 3.1 1

>1 Race 6.3 2

Hispanic 12.5 4

Non-Hispanic 87.5 28

Marital status Single 37.5 12

Married 53.1 17

Divorced 3.1 1

Widowed 3.1 1

Unmarried partners 3.1 1

Education Some college 12.5 4

BA degree 34.4 11

Advanced degree 50 16

Did not respond 3.1 1

Employment status Currently employed 90.6 29

Unknown 9.4 3

BMI at enrollment <18—underweight 0 0

18.5 to 24.9—normal weight 57.1 16

25 to 29.9—overweight 25.0 7

30—obese 17.9 5

Frequency missing BMI 4

Cancer stage IA 6.25 2

IB 3.1 1

IIA 40.6 13

IIB 25 8

IIIA 18.8 6

IIIB 3.1 1

IIIC 3.1 1

Time since diagnosisb 12months 62.5 20

13–24months 31.3 10

25–48months 6.3 2

Treatment history: radiation Yes 78.1 25

No 21.9 7

Treatment history: surgical procedure Mastectomy 56.3 18

Lumpectomy 56.3 18

Lymph node dissection 90.6 29

Full axillary 21.9 7

Sentinel node 68.8 22

Treatment history: chemotherapy

Type Neoadjuvant 37.5 12

Adjuvant 56.3 18

Dose-dense 46.9 15

Regular 31.3 10

Drug Adriamycin 65.6 21

Cyclophosphamide 65.6 21

Paclitaxel 65.6 21

Docetaxel 15.6 5

Other 28.1 9

Abbreviations: BMI, body mass index.
a32 study participants were enrolled; 27 study participants completed intervention.
bTime since diagnosis and signed consent.

Dhruva et al. 7



T
a
b
le

2
.
Su
m
m
ar
y
o
f
O
u
tc
o
m
e
M
e
as
u
re
s
fo
r
Q
O
L
.

O
u
tc
o
m
e
M
e
as
u
re

a
B
as
e
lin
e

M
e
an

(S
D
)

M
o
n
th

1

M
e
an

(S
D
)

M
o
n
th

2

M
e
an

(S
D
)

M
o
n
th

3

M
e
an

(S
D
)

M
o
n
th

4

M
e
an

(S
D
)

E
ff
e
ct

Si
ze

b
9
5
%

C
I
fo
r

E
ff
e
ct

Si
ze

P
V
al
u
e
c

E
O
R
T
C

Q
L
Q
-3
0

G
lo
ba
l
he
al
th

G
lo
b
al
h
e
al
th

st
at
u
s

6
4
.3

(1
6
.0
)

6
5
.5

(2
1
.5
)

6
7
.7

(1
7
.8
)

6
9
.1

(1
3
.2
)

7
8
.2

(1
2
.9
)

0
.6
5

(0
.3
,
1
.1
)

0
.0
0
3

Fu
nc
tio
na
l
sc
al
es

P
hy
si
ca
l
fu
n
ct
io
n

8
7
.1

(1
2
.1
)

8
7
.6

(1
5
.7
)

9
1
.1

(7
.5
)

9
4
.1

(7
.5
)

9
1
.5

(1
3
.4
)

0
.3
2

(–
0
.1
,
0
.7
)

0
.1
1

R
o
le

fu
n
ct
io
n
in
g

7
9
.9

(1
9
.8
)

7
7
.0

(2
5
.0
)

7
9
.6

(2
6
.5
)

8
5
.9

(1
4
.8
)

8
7
.2

(2
0
.7
)

0
.2
3

(–
0
.2
,
0
.6
)

0
.2
5

E
m
o
ti
o
n
al

fu
n
ct
io
n
in
g

6
5
.5

(1
8
.5
)

7
1
.3

(1
5
.4
)

7
3
.2

(1
6
.0
)

7
6
.1

(1
5
.7
)

7
8
.5

(1
2
.3
)

0
.8
4

(0
.4
,
1
.3
)

<
0
.0
0
1

C
o
gn
it
iv
e

fu
n
ct
io
n
in
g

6
9
.1

(1
8
.9
)

7
4
.7

(2
3
.8
)

7
9
.9

(2
3
.0
)

7
9
.6

(1
8
.5
)

8
1
.7

(1
8
.0
)

0
.8
6

(0
.5
,
1
.3
)

<
0
.0
0
1

So
ci
al
fu
n
ct
io
n
in
g

7
5
.0

(2
2
.4
)

7
5
.3

(2
7
.3
)

7
9
.9

(2
2
.5
)

8
6
.8

(1
4
.5
)

8
9
.1

(1
5
.6
)

0
.4
7

(0
.1
,
0
.9
)

0
.0
2
4

Sy
m
p
to
m

sc
al
es

Fa
ti
gu
e

3
7
.6

(2
1
.4
)

3
4
.1

(2
4
.5
)

2
6
.9

(1
4
.3
)

2
6
.1

(1
7
.0
)

2
5
.0

(1
5
.7
)

–
0
.5
7

(–
1
.0
,
–
0
.2
)

0
.0
0
7

N
au
se
a
an
d

vo
m
it
in
g

7
.5

(1
2
.6
)

4
.0

(1
0
.6
)

6
.0

(1
0
.6
)

4
.8

(9
.1
)

7
.1

(1
5
.8
)

–
0
.0
6

(–
0
.5
,
0
.3
)

0
.7
6

P
ai
n

2
1
.5

(2
1
.3
)

2
3
.0

(2
3
.7
)

2
2
.2

(2
3
.4
)

1
6
.9

(1
5
.5
)

1
4
.7

(1
6
.6
)

–
0
.4
4

(–
0
.8
,
–
0
.0
3
)

0
.0
3
5

D
ys
p
n
e
a

1
4
.1

(1
6
.5
)

1
2
.6

(1
8
.7
)

6
.9

(1
3
.8
)

6
.1

(1
3
.2
)

8
.3

(1
7
.2
)

–
0
.2
6

(–
0
.7
,
0
.1
)

0
.1
9

In
so
m
n
ia

4
3
.8

(2
4
.6
)

3
4
.5

(2
4
.4
)

3
5
.6

(2
1
.2
)

3
6
.4

(2
2
.8
)

3
0
.1

(2
5
.8
)

–
0
.5
2

(–
0
.9
,
–
0
.1
)

0
.0
1
4

A
p
p
e
ti
te

lo
ss

9
.6

(1
7
.0
)

6
.9

(1
6
.4
)

6
.9

(1
7
.0
)

1
.5

(7
.1
)

7
.7

(2
7
.2
)

–
0
.0
5

(–
0
.5
,
0
.4
)

0
.8
0

C
o
n
st
ip
at
io
n

1
5
.6

(1
9
.0
)

1
8
.4

(2
2
.9
)

9
.7

(1
8
.3
)

9
.6

(1
5
.1
)

1
1
.5

(1
8
.7
)

–
0
.1
8

(–
0
.6
,
0
.2
)

0
.3
8

D
ia
rr
h
e
a

7
.6

(1
4
.0
)

4
.6

(1
1
.7
)

8
.3

(1
4
.7
)

6
.1

(1
6
.7
)

3
.9

(1
0
.9
)

–
0
.2
7

(–
0
.7
,
0
.1
)

0
.1
8

Fi
n
an
ci
al
d
iff
ic
u
lt
ie
s

3
1
.8

(3
3
.4
)

3
2
.2

(3
3
.9
)

2
5
.0

(3
1
.5
)

3
6
.9

(3
5
.0
)

2
8
.2

(3
2
.2
)

–
0
.2
5

(–
0
.7
,
0
.2
)

0
.2
2

B
R
2
3

B
o
d
y
im
ag
e

6
7
.6

(2
8
.0
)

7
2
.7

(2
5
.7
)

7
4
.7

(2
4
.0
)

7
5
.9

(2
1
.0
)

7
9
.3

(2
2
.6
)

0
.4
8

(0
.1
,
0
.9
)

0
.0
2
2

Se
x
u
al
fu
n
ct
io
n
in
g

2
5
.8

(2
3
.3
)

2
4
.7

(1
9
.2
)

2
4
.3

(1
5
.5
)

2
4
.2

(2
0
.4
)

2
4
(1
9
.5
)

0
.1
0

(–
0
.3
,
0
.5
)

0
.6
2

Se
x
u
al
e
n
jo
ym

e
n
t

5
6
.9

(3
6
.8
)

5
0
.0

(2
9
.8
)

5
9
.5

(2
3
.3
)

5
1
.5

(2
7
.3
)

6
3
.3

(3
3
.1
)

0
.7
3

(–
0
.5
,
2
.0
)

0
.1
8

Fu
tu
re

p
e
rs
p
e
ct
iv
e

4
9
.0

(2
2
.4
)

5
9
.8

(2
2
.5
)

5
4
.2

(2
3
.7
)

5
1
.5

(2
8
.6
)

6
1
.5

(1
5
.5
)

0
.4
8

(0
.0
7
,
0
.9
)

0
.0
2
2

Sy
st
e
m
ic
th
e
ra
py

si
d
e
e
ff
e
ct
s

1
5
.4

(9
.6
)

1
2
.6

(1
1
.6
)

1
2
.2

(9
.7
)

1
4
.2

(1
1
.8
)

1
1
.6

(1
2
.0
)

–
0
.4
0

(–
0
.8
,
0
.0
1
)

0
.0
5
5

B
re
as
t
sy
m
p
to
m
s

2
0
.7

(1
5
.3
)

2
1
.6

(2
3
.4
)

2
3
.3

(2
0
.1
)

1
5
.7

(1
3
.8
)

1
9
.9

(2
0
.3
)

–
0
.1
7

(–
0
.6
,
0
.2
)

0
.4
0

A
rm

sy
m
p
to
m
s

2
0
.5

(1
7
.4
)

1
7
.2

(1
6
.7
)

1
7
.1

(1
8
.8
)

1
2
.6

(1
4
.3
)

1
2
.0

(1
3
.3
)

–
0
.5
7

(–
1
.0
,
–
0
.2
)

0
.0
0
8

U
p
se
t
b
y
h
ai
r
lo
ss

3
3
.3

(n
/a
)d

0
.0

(0
.0
)e

5
0
.0

(5
7
.7
)

3
3
.3

(0
.0
)

1
6
.7

(2
3
.6
)

(n
/a
)d

(n
/a
)d

(n
/a
)d

A
b
b
re
vi
at
io
n
s:
C
I,
co
n
fid
e
n
ce

in
te
rv
al
;
E
O
R
T
C

Q
L
Q
-3
0
,
E
u
ro
p
ea
n
O
rg
an
iz
at
io
n
fo
r
R
e
se
ar
ch

an
d
T
re
at
m
e
n
t
o
f
C
an
ce
r
Q
u
al
it
y
o
f
L
ife

Q
u
e
st
io
n
n
ai
re
.

a
In
cr
e
as
in
g
sc
o
re
s
o
n
fu
n
ct
io
n
al
sc
al
e
s
re
p
re
se
n
t
im
p
ro
ve
m
en
ts

in
fu
n
ct
io
n
,
an
d
d
e
cr
e
as
in
g
sy
m
p
to
m

sc
o
re
s
re
p
re
se
n
t
im
p
ro
ve
m
e
n
ts

in
sy
m
p
to
m
s.

b
E
ff
e
ct

si
ze
:
b
as
e
lin
e
to

m
o
n
th

4
.

c
P
va
lu
e:

b
as
e
lin
e
to

m
o
n
th

4
;
P
va
lu
e
fo
r
t
te
st
,
le
ve
l
o
f
si
gn
ifi
ca
n
ce

<
0
.0
5
.

d
n
/a

co
u
ld

n
o
t
b
e
ca
lc
u
la
te
d
d
u
e
to

in
su
ff
ic
ie
n
t
d
at
a;
th
is
w
as

a
co
n
d
it
io
n
al
q
u
e
st
io
n
as
ke
d
o
n
ly
o
f
th
o
se

w
h
o
su
ff
er
e
d
h
ai
r
lo
ss

d
u
ri
n
g
ti
m
e
o
f
in
te
rv
e
n
ti
o
n
.

e
Sk
ip

p
at
te
rn

su
rv
ey

it
e
m

w
it
h
o
n
ly
lim

it
e
d
re
sp
o
n
se
s.

8 Global Advances in Health and Medicine



improvements over time were seen in total sleep distur-

bance (GSDS) (d¼ –1.23, P< 0.001), quality of sleep

(GSDS) (d¼ –1.16, P< 0.001), sleep onset latency

(GSDS) (d¼ –1.17, P< 0.001), midsleep wakes (GSDS)
(d¼ –0.93, P< 0.001), early awakenings (GSDS)

(d¼ –0.84, P< 0.001), excessive daytime sleepiness

(GSDS) (d¼ –0.93, P< 0.001), depressive symptoms

(CES-D) (d¼ –1.21, P< 0.001), and spiritual well-being

(FACIT)—peace (d¼ 0.86, P< 0.001). Medium effect

sizes reflecting improvements over time were seen in

quantity of sleep (GSDS) (d¼ –0.73, P¼ 0.005), medica-

tions for sleep (GSDS) (d¼ –0.50, P¼ 0.043), energy

(LFS) (d¼ 0.54, P¼ 0.011), fatigue (LFS) (d¼ –0.68,

P¼ 0.002), state anxiety (STAI) (d¼ –0.75, P< 0.001),
stress (PSS) (d¼ –0.75, P< 0.001), and spiritual well-

being—meaning (FACTIT-SP-12) (d¼ 0.50, P¼ 0.020).

A small effect size was seen in spiritual well-being—faith

(FACTIT-SP-12) (d¼ 0.33, P¼ 0.11)
Graphs of marginal predicted means from the mixed

effects models for QOL and symptoms are plotted

graphically with marginal predicted means shown in
Figure 2. The corresponding repeated measures analyses

can be found in Supplementary Tables 1 to 3.

Improvements from BL to final assessment were seen

with positive slopes in QOL global health, emotional

functioning, and cognitive functioning, as well as

energy (LFS) and spiritual well-being—peace (FACIT).

Improvements in sleep disturbance (GSDS total), fatigue

(LFS), depressive symptoms (CES-D), state anxiety

(STAI), and perceived stress (PSS) were seen, indicated

by the favorable direction of the negative slope. Most

outcomes showed gradual improvements over the course

of the 4-month intervention and had not plateaued by

month 4 (global health, role functioning, emotional

functioning, social functioning, sleep, fatigue, and anxi-

ety). Some outcomes appear to have plateaued by the

end of month 4—physical functioning and cognitive

functioning.
Based on participant input, minor modifications

were made to study procedures and manualized

intervention between cohorts. For example, after

cohort 1, self-reported adherence was measured

through text messaging instead of from paper study log-

books. Similarly, after cohort 1, detailed yoga and

marma prescriptions were provided to participants

to help with implementation of these practices at

home. QOL and symptom models including cohort as

a covariate found no evidence of cohort effects (data not

shown).
Models including participant expectations as covari-

ates also did not find statistically significant effects of

expectations on QOL and symptom outcomes, except

for BR23 systematic therapy side effects (P¼ 0.012,

P¼ 0.005, P¼ 0.002 for expectation questions 1, 2, and

Table 3. Summary of Symptom Outcome Measures.

Outcome Measuresa
Baseline

Mean (SD)

Month 2

Mean (SD)

Month 4

Mean (SD)

Effect

Sizeb
95% CI for

Effect Size P Valuec

Total sleep disturbance (GSDS) 61.4 (16.4) 46.9 (21.5) 40.8 (17.1) –1.23 (–26.5, –11.6) <0.001

Quality of sleep 13.2 (4.9) 10.7 (5.6) 8.1 (4.3) –1.16 (–7.6, –3.7) <0.001

Quantity of sleep 4.8 (2.2) 4.0 (2.4) 3.0 (2.0) –0.73 (–2.8, –0.6) 0.005

Sleep onset latency 3.4 (2.1) 2.7 (2.0) 1.2 (1.3) –1.17 (–1.6, –0.8) <0.001

Midsleep wakes 5.8 (1.8) 4.8 (2.2) 3.7 (2.1) –0.93 (–1.3, –0.5) <0.001

Early awakenings 4.9 (2.0) 3.0 (2.6) 2.6 (2.4) –0.84 (–1.3, –0.4) <0.001

Medications for sleep 13.4 (9.2) 10.8 (11.7) 9.3 (9.9) –0.50 (–5.4, –0.1) 0.043

Excessive daytime sleepiness 19.2 (8.8) 12.8 (7.6) 12.0 (7.0) –0.93 (–10.4, –3.3) <0.001

Energy (LFS) 4.4 (2.1) 4.0 (1.8) 5.7 (1.9) 0.54 (0.1, 1.0) 0.011

Fatigue (LFS) 4.0 (2.6) 3.4 (2.5) 2.1 (2.1) –0.68 (–1.1, –0.3) 0.002

Depressive symptoms (CES-D) 15.8 (8.8) 8.7 (8.1) 6.6 (6.4) –1.21 (–1.6, –0.9) <0.001

State anxiety (STAI) 36.5 (12.6) 33.5 (9.7) 29.1 (9.5) –0.75 (–1.2, –0.4) <0.001

Stress (PSS) 16.5 (6.6) 11.1 (9.3) 10.4 (7.4) –0.75 (–1.1, –0.4) <0.001

Spiritual well-being (FACIT)

Meaning 12.9 (3.0) 14.6 (2.0) 0.50 (0.1, 0.9) 0.020

Peace 9.8 (3.9) 12.1 (3.2) 0.86 (0.5, 1.3) <0.001

Faith 8.9 (5.1) 10.6 (5.0) 0.33 (–0.1, 0.7) 0.11

Abbreviations: CES-D, Center for Epidemiological Studies—Depression Scale; CI, confidence interval; FACIT, Functional Assessment of Chronic Illness

Therapy; GSDS, General Sleep Disturbance Scale; LFS, Lee Fatigue Scale; PSS, Perceived Stress Scale; STAI, Spielberger State-Trait Inventory.
aDecreasing symptom scores represent improvements in symptoms. Increases in energy and spiritual well-being represent improvements in spiritual

well-being.
bBaseline to month 4.
cBaseline to month 4; P value for t test, level of significance� 0.05.
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3, respectively). The means of self-rated expectations of

benefit from the intervention at BL were 8.2 (SD¼ 1.6)

for overall benefit, 8.2 (SD¼ 1.7) for expectation of

improvement in QOL, and 8.0 (SD¼ 1.8) for expectation

of improvement in cancer treatment-associated symp-

toms, on the 0–10 expectation scales.

Discussion

This study is the first to test the feasibility, acceptability,

and promise of clinical benefit of a multimodality,

whole-systems Ayurvedic nutrition and lifestyle inter-

vention for breast cancer survivors. The results from

this pilot clinical trial support the feasibility and accept-

ability of this 4-month intervention in these women.
Our feasibility and acceptability benchmarks were

met or exceeded. We screened and recruited participants

in a timely manner and met enrollment benchmarks. Of

the 124 who were screened, 92 (74%) were excluded, but

most (40%) were due to eligibility requirements. Receipt

of chemotherapy was an inclusion criterion because

these patients are more likely to have residual symptoms

and impairments in QOL.62,63 Of the participants who

enrolled, there was high retention (84%, n¼ 27 of 32).

Study visit attendance among those retained was nearly

100%, which is an indication of strong adherence and

participant engagement throughout the intervention

despite the fact that 91% were employed and working

at the time of study entry. Our results for retention

matched or exceeded those seen in other studies of

similar interventions in this patient population, and
our results for adherence exceeded that reported in

other studies of similar interventions in this patient pop-

ulation.64–66

The improvements seen in QOL and symptoms sug-

gest the promise of clinical benefit of the Ayurvedic
intervention. Our hypothesis is that the holistic, individ-

ualized, and multimodality aspects of the Ayurvedic

intervention contributed to these improvements.
Meaningful improvements, as evidenced by medium to

large effect sizes, were seen in different dimensions of
QOL including global health, emotional functioning,

cognitive functioning, and spiritual well-being—peace,

as well as a number of symptom measures including
energy, fatigue, depressive symptoms, anxiety, stress,

and sleep disturbance. These findings, if supported by
future randomized studies, suggest that some of the larg-

est improvements cluster around psychological and emo-
tional well-being, which potentially address an area

often neglected in cancer survivorship.67–69

For some of the EORTC QLQ QOL outcomes, min-
imally important differences (MID) have been deter-

mined that indicate the smallest change in the outcome
that would be considered important by a patient or cli-

nician.70 We found that improvements in average scores

in our study population demonstrated MIDs for
EORTC QLQ C30 global health, cognitive functioning,

and social functioning indicating clinically meaningful
improvements in these parameters. Similarly, for a

number of symptom measures that have validated

Figure 2. Graphs of Marginal Predicted Means Compared at Baseline to Month 2 and Month 4.
Abbreviations: CIs, confidence intervals; QOL, quality of life.
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thresholds above or below which symptoms are consid-
ered clinically important, we found that average scores
in our study population crossed these thresholds by
4months, implying clinically meaningful improvement.
These included sleep disturbance (mean GSDS total
score was 61.4 at BL and 40.8 at 4months, with values
above 43 representing substantial sleep disturbance),
energy (mean BL: 4.42 to mean at 4months 5.73, with
clinical threshold of 4.8), depressive symptoms (BL
mean 15.8 to mean at 4months of 6.64; clinical threshold
for major depression 16 or higher), and state anxiety (BL
mean 36.5 to mean at 4months 29.1, with clinical thresh-
old of 31.8). These findings suggest the possibility that
the Ayurvedic intervention may contribute to clinically
meaningful improvements in this survivorship popula-
tion, which merits future study in a randomized con-
trolled trial.

Several outcomes continued to improve over the
course of the 4-month intervention and did not reach a
plateau by the end of the intervention. We saw improve-
ments in QOL global heath from month 3 to month 4,
energy and fatigue from month 2 to month 4, and state
anxiety from month 2 to month 4. These findings suggest
the possibility of a dose-effect for the intervention, where
increasing time and/or exposure to the intervention is
associated with continued improvements in outcomes.
These continued improvements over the course of
the 4-month intervention may reflect gradually better
integration of nutrition, lifestyle, yoga, and marma rec-
ommendations over an extended period of time and
greater time required for mastery of the intervention.
These findings offer a number of hypotheses that merit
further study.

The participants’ expectations of the benefit of the
Ayurvedic intervention were not associated with changes
in PROs, with a single exception of BR23 systematic
therapy side effects. The relationship of expectation to
placebo is debated.71 However, if they are related, our
findings suggest that the expectation component of the
placebo effect did not play a major role in QOL and
symptom improvements for this sample, which lends
some support to the idea that the improvements in
PROs seen in this study could be due to the efficacy of
the Ayurvedic intervention itself. However, this study
was not intended or designed to study efficacy, and
these findings need to be further tested in a randomized
controlled study.

Several study limitations are worth noting. This non-
randomized pilot feasibility study cannot, by design,
prove efficacy, which was not a study aim. Due to the
nonrandomized design, we cannot say with certainty
that the improvements seen in QOL and symptoms
were due to the study intervention, rather than improve-
ments that may occur with the passage of time.
However, the extent of these improvements appears to

be more than that typically seen in our clinical experi-

ence over a 4-month time period for similar patient pop-

ulations. For example, we found very large effect sizes

for improvements in some QOL parameters as well as

sleep disturbance. Additionally, research suggests that

some survivors have persistent symptoms many years

after the completion of treatment.8,72 Other limitations

of this study include the fact that the majority of the

participants were white, married, and highly educated

and that the study includes a single cancer diagnosis.

The study includes patients who are inclined to consent

to an integrative medicine intervention such as this, lim-

iting the generalizability of this study.
If the improvements in QOL and symptoms observed

in this study are shown to be due to the Ayurvedic inter-

vention, it would represent a meaningful advancement in

care of cancer survivors. QOL improvements have been

associated with an increase in adherence to cancer treat-

ment, such as adjuvant hormone therapy,73 that could

impact survival. The Ayurvedic intervention redirects

focus toward more personal, patient-centered care,

which is much needed for patients seeking well-

structured guidance during this significant time.74,75

Additionally, the Ayurvedic intervention, with the

potential to improve symptoms and QOL, might inte-

grate well with SCPs, which have not yet shown benefit

in improving symptoms and QOL. These hypotheses

warrant further investigation in a future randomized

control study.

Conclusion

The results from this study support the feasibility and

acceptability of this Ayurvedic nutrition and lifestyle

intervention for breast cancer survivors, warranting fur-

ther research including intervention optimization in a

future study. Breast cancer survivors have reported

uncertainty about how to proceed after the completion

of their cancer treatment, due in part to a lack of clinical

guidance and structure during this important phase of

survivorship.19 Improvements in symptoms and QOL

outcomes for survivors may be well accomplished with

a comprehensive CIM approach to survivorship

care.76,77
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