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Abstract

This study aimed to examine the effectiveness of eight-week mindful yoga on improving psychosocial outcomes and lowering cortisol levels
among cancer patients in Hong Kong. We recruited 15 cancer patients from one local oncology center via stratified sampling, and simple random
sampling via online platforms. Psychosocial outcomes including health-related quality of life, perceived stress, mindfulness, and depression
were assessed using validated scales before and after the eight-week mindful yoga program which was led by a certified mindful yoga teacher.
Participants collected saliva samples using Salivettes four times per day on two consecutive days before and after yoga training, respectively.
Analyses using paired t-tests showed that health-related quality of life t (14) = 4.81, p < 0.005, was improved and perceived stress was reduced
t (14) =-3.85, p < 0.005, by mindful yoga. Results generated by a 3-way mixed ANOVA with repeated measures (Day and Intervention) and Age
(a between-subject factor) showed that the mean cortisol level was lowered by the yoga program, F (1, 12) = 23.96, p < 0.001. There was also a
significant Age by Intervention interaction in that the cortisol-lowering effect of mindful yoga was accentuated in older participants, F (1, 12) =
4.93, p =.046. This pilot study demonstrated a significant effect of an eight- week Mindful Yoga course in improving quality of life and reducing
perceived stress in cancer patients. Cortisol levels were lowered by the intervention with a stronger effect in older participants. To establish
causal relationship reliably, larger-scale randomized controlled trials are indispensable.
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Abbreviations: MBIs: Mindfulness-Based Interventions; MBSR: Mindfulness-Based Stress Reduction; MBCT: Mindfulness-based Cognitive
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Introduction

Mindful Based Int ti MBI mindfulness-based interventions. Both of them have demonstrated
indfulness-Based Interventions ( s) various clinical and non-clinical significance in different client

Originating from Buddhism, Kabat-Zinn has defined groups and fostering non-judgmental acceptance of experiences

mindfulness as the awareness arising from paying non-
judgmental attention to the present moment [1]. As an evidence-
based intervention, MBIs have been shown effective in improving
attention focus, discomfort tolerance, cognitive alteration, and
stress coping, via relaxation and acceptance [2]. Mindfulness-
Based Stress Reduction (MBSR) and Mindfulness-based Cognitive
Behavioral Therapy (MBCT) are two major approaches of

[3,4]. The mental health benefits of both MBSR and MBCT have
been verified in recent meta-analytic reviews (MBSR [5]; MBCT

[6]).
Mindful (Mindfulness-based) Yoga

MBSR is run in the form of a structured program with a
standardized curriculum typically lasting for 8 to 10 weeks
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in groups of 10 to 40 [5]. It aims to cultivate “mindfulness”
progressively in participants with a combination of methods
including mediation and yoga. Although yoga is an important
component in MBSR through which mindfulness is cultivated,
mindful or mindfulness- based yoga is a different approach in
which mindfulness is cultivated primarily through the practice
of yoga asana, pranayama and meditation with less reliance
on mindfulness education sessions [7,8]. In this regard, it is
increasing difficult for researchers to differentiate between
conventional mindfulness interventions and yoga while attempts
to integrate yoga with mindfulness education or teaching is
increasing. In addition, a number of recent attempts comparing
the mental health effects of yoga with a physical orientation
with mindfulness training have found that yoga is as effective as
mindfulness training in enhancing mental health outcomes [9].

In a similar vein, another randomized controlled trial with
employees suffering from burnout has found that Ashtanga yoga
and MBCT, were slightly more effective in improving health-
related quality of life than CBT, with no difference between yoga
and MBCT [10]. Despite evidence showing equal effectiveness of
yoga and conventional mindfulness interventions, a recent meta-
analysis points to increased effectiveness of yoga in improving
physiological parameters of health such as diurnal cortisol levels,
systolic blood pressure, resting heart rate, and inflammatory
measures, among others, in comparison to MBSR [11]. It has been
shown that the effect of yoga training on improved quality of life
was mediated by enhanced mindfulness, the same mechanisms
mediating the benefits of conventional mindfulness interventions
[12]. Taken together, the reviewed evidence suggests that yoga
with an emphasis on mindfulness (mindful yoga hereafter) could
be a promising alternative to the highly structured group-based
MBSR because of its standalone nature and the readiness to be
incorporated into people’s daily routines. This is one of the major
factors that motivated conduction of the present study to examine
the effect of a mindful yoga program on cortisol and psychological
outcomes in Chinese cancer patients receiving treatments in a
major hospital in Hong Kong.

The Present Study

The psychological and biobehavioral effects of yoga have been
extensively reviewed. A meta- analysis comprised of 42 studies
has revealed a significant medium effect of yoga on reducing
depression and anxiety among cancer populations. Regardless
of the type of tumor, control group, treatment regime, and yoga
implementation logistics, yoga helped improve depression and
anxiety among cancer patients [13]. In a similar vein, another
meta-analytic review with 26 RCTs on breast cancer patients has
shown that yoga intervention significantly reduced depression,
anxiety, stress, fatigue and pain, and improved mental and physical
wellbeing, and sleep quality [14]. The psychosocial effects of yoga
are similar to that reported in another meta- analysis looking
at the effect of MBSR in breast cancer patients in 19 RCTs [15].
Recent reviews or meta-analyses have been showing that yoga

effectively reduces diurnal cortisol levels and thus benefits
symptom management in oncological populations and improves
prognosis [10].

An elevated level of cortisol has been suggested to be a key
factor in exacerbating the progression of cancer via its inhibitory
effect on apoptosis and defense against oxidative stress [16].
On the other hand, the biobehavioral benefits of yoga were also
demonstrated in thirty-nine randomized controlled trials (RCTs)
with healthy youth [17]. Despite variations in training duration
and number of sessions, yoga demonstrated positive effects in at
least one of the three domains, namely physiological/physical,
psychological/behavioral, and cognitive functioning in thirty-
four studies. This points clearly to the effectiveness of yoga
in improving psychological functioning in young and healthy
populations. In addition to the psychosocial and biological
benefits of yoga reported in recent reviews, mindful yoga has
also demonstrated its potential to be an adjunct therapy for
cancer because of, as mentioned earlier, its standalone nature and
readiness to be incorporated into patients’ daily life. Keeping this
in mind, we designed the present study to examine the effect of
an eight-week mindful yoga program on salivary cortisol levels
and major psychological outcomes in Chinese cancer patients
recruited through a major hospital in Hong Kong.

Method

The study was conducted in full conformance with the
Declaration of Helsinki, and granted approval by the Institutional
Review Board (IRB) of the Hospital Authority (Ref: KW/EX-23-
06 187-06) and the Research Committee of the City University
of Hong Kong. In addition, the study was also designed and
conducted in compliance with the STROBE guidelines.

Participants

A total of 29 participants were recruited from the Oncology
Department of Princess Margaret Hospital (PMH) via stratified
sampling, and simple random sampling via online platform.
Cancer patients with different diagnoses were invited to take part
in the study voluntarily without any financial inducement. To be
eligible to participate in the study, participants must meet the
following inclusion criteria:

1) Hong Kong residents who are at least 18 years old
2) Beingliterate in Cantonese and written Chinese

3) Having completed the surgical operation and scheduled
chemotherapy

4)  Physically and mentally fit for practicing mindful yoga
with mild physical intensity

5) Have not attended more than 5 yoga lessons before.

Patients would be considered as not suitable for the study if
they met one of following exclusion criteria:
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1)  Having undergone mindfulness training.

2) Having undergone psychotherapy such as CBT.

3) Mentally and/or cognitively and/or emotionally
impaired.

4) Having damages to the hypothalamic-pituitary-adrenal
axis.

5) Currently on oral contraceptives that may or may not

affect the risk of cancer.

6) Having significant physical symptoms, such as but
not limited to bone metastasis, spinal cord compression, brain
metastasis, cardiovascular failure, renal failure, and late-stage
cancer. Nineteen participants meeting the inclusion and exclusion
criteria (IEC) were contacted by the research team for enrollment
via phone call/ text messages.

Procedure

Eligible participants were invited to attend a briefing session
in which the main objectives and procedure of the study were
explained to them, and informed consent was collected. Detailed
instructions concerning the collection of saliva samples using the
Salivettes (Sarstedt, Niimbrecht) in a self-administered way were
provided. Participants were also given a link to a Google Form for
recording the saliva sampling times which were scheduled at

Table 1: Weekly Course Structure of the 8-Week Mindful Yoga Program.

° immediately upon waking,
° 30 mins. after waking,
. 3 hours after waking, and

° before bedtime, on two consecutive days before and
after the 8-week mindful yoga program.

They were also instructed to refrain from exercise, smoking,
brushing teeth, eating, and drinking beverages that contain
alcohol or caffeine before collection of the first two saliva samples
and for 1 hour before collecting the remaining two samples during
a day. Participants were given sufficient time to make a decision to
take part in the study or not, and encouraged to ask any questions
about, and raise any concerns with, the study before the briefing
session concluded.

Mindful Yoga

Participants met in the same yoga studio 2.5 hours per week
over 8 weeks between March and April in 2024 for their yoga
lessons. All sessions were led by a certified yoga teacher with
experience in teaching yoga to cancer patients. The focus of the
program was on the integration of mindfulness elements of MBSR
with yoga postures, breathing and meditation. Participants were
encouraged to practice at home daily following the home practice
videos provided by the researchers. Details of the weekly course
structure of the mindful yoga program can be found in (Table 1).

Week Mindfulness Elements Yoga Postures Home Practice
Introduction Introduction
1 Body Scan Corpse Pose Body Scan
Sauca; Yoga Nidra Standing poses: mountain,
2 Mindful Breathing Body half-moon, flying bird, lotus finger, cow face, cow Standing Postures, Yoga Nidra, Mindful Breathing,
Scan drinking, swinging arm, lion roar, forward bend, Mindful Eating
heel, tree, weeping willow
Theme: Santosha Corpse Pose, Mountain (Head
and Face Stretch), Press and stretch, reclining . . . ,
3 Mindful Breathing big toe, half-bridge, boat, wind relieving pose, Yoga Nidra, Mindful Br;ztt}il;ng/ Pranayama, Mindful
supported shoulder stand, fish, bow Pranayama - §
Sukha Poorvaka, Anuloma Viloma
Minimum six-day practice: 3 days for mindful sitting
& breathing, 3 days for standing yoga and body scan;
. . Theme: Tapa Standing poses: mountain, half- and 40-minute daily practice of mindful breathing +
Three-minute breathing . . . . . . . .
4 space moon, lion roar, triangle, warrior, angel, triangular shallow & diaphragmatic breathing 10 times each,
p mountain, sitting bouquet, ape position plus natural breathing and mindful sitting for 20
minutes; and daily practice of three-minute breath-
ing space with written records.
Theme - Svadhyaya Sitting yoga: Vajrasana, sitting Mm.lmum six-day p.ra.ctlce: 3 days for om/aum
. - - . . chanting, 3 days for sitting stretch; and three- min-
5 Mindful sitting mountain, willow, cow-face, cow-horn, lion roar, . . . .
. . ute breathing space, 3 times per day with written
child, rabbit, cradle, lotus and corpse pose
records.
6 Integrated przflctlce of all Integrated practice of all teaching Integrated daily practice of all teaching
teaching
Mindful meditation: mindful Theme - Five Yama.s (Ahlmsa., Satya, Asteya,
. . . Brahmacharya, Aparigraha); Niyama and Svaha;
7 counting, mindful naming, . )
Simple swan series; Dharana & Dhyana: Om/ Aum
openness .
chanting
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Measures

Participants were required to complete an online survey
within 3 days before the commencement, and within one
week after the end, of the mindful yoga program. The survey
was designed to measure psychological outcomes including
health-related quality of life, perceived stress, mindfulness,
and depressive symptomatology. Health-related Quality of Life
(HRQoL) was measured by the Chinese version of the Health
Survey Short Form-12 (SF-12 v2) [18]. This brief scale measures
8 health domains subsumed under the Physical (physical
functioning, role-physical, bodily pain, and general health) and
Mental (vitality, social functioning, role-emotional, mental health)
component, respectively. This measure has been used to assess
the benefits of mindfulness training on cortisol response in breast
cancer survivors [19]. The scale exhibited acceptable internal
consistency at pre- and post-intervention, with Cronbach alphas
equal to 0.86 and 0.87, respectively.

Perceived Stress was measured by the Chinese version of the
10-item Perceived Stress Scale (PSS-10) validated in Hong Kong
Chinese [20]. The scale has been widely adopted by previous
studies as a reliable tool to assess the influence of mindfulness-
based interventions (MBIs) on perceived stress in patients with
various cancer, including breast cancer survivors, gastrointestinal
and lung cancer patients [21-24]. The scale exhibited acceptable
internal consistency in the present sample with Cronbach alphas
equal to 0.89 and 0.83 in pre- and post-intervention, respectively.

Mindfulness was measured by the Chinese version of
Five Facet Mindfulness Questionnaire. Chinese Five Facet
Mindfulness Questionnaire (FFMQ-C) assesses five major aspects
of mindfulness, namely observation, description, aware action,
nonjudgmental experience to inner experience, and non-reactivity
to inner experience. The scale consists of 39 items anchoring
to a 5-point scale. The scale demonstrated acceptable internal
consistency with Cronbach alphas equal to 0.84 and 0.89 in pre-
and post-intervention, respectively. The FFMQ-C has been shown
to be areliable and valid measure of mindfulness in a recent study
with Chinese colorectal cancer survivors on quality of life and
sleep patterns [25]. Depression was measured with the Chinese
version of the 9-item Patient Health Questionnaire (PHQ-9), which
has been validated in studies with Hong Kong [26] and mainland
Table 2: Major Demographic Characteristics of Participants (N = 15).

Chinese [27]. Respondents were asked to indicate the frequency
of experiencing each of the 9 items in the last two weeks using
a 4-point scale (0 = not at all; 3 = almost every day). Acceptable
levels of internal consistency of the scale were observed in the
present sample, with Cronbach alphas equal to 0.90 and 0.78 in
pre- and post-intervention, respectively.

Collection of Saliva Samples

Participants were asked to collect 4 saliva samples at
immediately after waking, and 30 mins. and 3 hours thereafter,
and before bedtime each day over two consecutive days. Saliva
samples were collected within 3 days prior to the commencement
of the intervention, and within 7 days after the end of the
intervention. Participants were required to store the saliva
samples in the freezer compartment of their home refrigerators
until they returned the samples to the researcher within one
week. In addition, they also filled out an online diary to indicate
the time at which each saliva sample was collected. The saliva
samples were stored in the laboratory at -20° Celsius until they
were thawed for cortisol assays.

Statistical Analyses

The focus of analyses was on the changes in salivary cortisol
and the four psychological outcomes. This was examined with
paired t-tests. As cortisol data were skewed to the right with a
number of outliers, the cortisol data were winsorized at 2 SDs and
then log10 transformed, which significantly reduced skewness of
the data.

Results
Sample Characteristics

Major demographic characteristics and clinical profiles of the
participants are summarized in (Table 2 & 3). The majority of the
participants (N = 15) was women (n = 14), with only one male
participant (n = 1), having a mean age of 48.47 yrs. (SD = 13.88).
They were in general highly educated with the majority having
received tertiary or higher education (n = 10). In terms of clinical
profiles, most participants exhibited a radical treatment intent
(n = 13), and have gone through chemotherapy (n = 9) and/or
radiation therapy (n = 12).

Age in years Gender: n (%)

Monthly income: n (%)

Education: n (%)

Mean = 48.47
SD =13.88

Male = 1(6.67)
Female = 14 (93.33)

<5,999: 7 (46.67%)
6,000 - 9,999: 0 (0.00%)
10,000 - 14,999: 2 (13.33%)
15,000 - 19,999: 1 (6.67%)
20,000 - 29,999: 0 (0.00%)
30,000 - 39,999: 2 (13.33%)
40,000 - 59,999: 3 (20.00%)
2 60,0000: 0 (0.00%)

Primary education: 1 (6.67%)
Secondary Education (Middle School): 1 (6.67%)
Secondary Education (Senior High School): 3
(20.00%)

Tertiary Education or Above: 10 (66.67%)
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Table 3: Cancer Treatment Regime and Diagnosis in Participants (N = 15).

-Radiation Therapy: 12/3
-Target Therapy: 7/8
-Hormonal Therapy: 6/9

-Immunotherapy: 1/14

Treatment Regime: (Yes/No) Treatment Intent Primary Diagnosis Secondary Metastasis
Breast Cancer: 9
-Surgery: 13/2
Corpus uteri cancer: 1 Abdominal Metastasis: 1
-Chemotherapy: 9/4
Radical: 13 Cervical Cancer: 1 Bone Metastasis: 2

Palliative: 1

Unknown: 2

Ovarian Cancer: 1 Lung Metastasis: 2

Lymphoma: 1 Lymphatic Metastasis: 1

Lung Cancer: 1 Nil/ Unknown: 9

Osteocarcinoma: 1

Changes in Psychological Outcomes and Salivary
Cortisol

Saliva samples were thawed and centrifuged at 3500 rpm
for 2 min at room temperature; clear supernatants were used
for analysis. Cortisol was assayed using the Abcam (ab154996)
cortisol in vitro competitive ELISA kit, with sensitivity of 0.12 ng/
ml (0.33nmol/L). The means and standard deviations of health-
related quality of life (HRQoL, SF-12), perceived stress (CPSS-10),

depression (PHQ-9), mindfulness (FFMQ-C), and mean diurnal
cortisol levels (average of the concentrations of cortisol in the 4
saliva samples over the day), are summarized in (Table 4). Results
of paired-sample t-tests show that mindful yoga significantly
increased HRQoL or SF-12 scores, with significant effect in the
mental component, t (14) = 4.54, p < .001. Perceived stress was
also significantly reduced, t (14) = - 3.85, p <.001. In addition, a
trend in enhanced mindfulness, t (14) = 1.88, p =.08, and reduced
depression, t (14) =-1.84, p =.09 was also observed.

Table 4: Mean and Standard Deviations of Psychological Outcomes and Salivary Cortisol during Pre- and Post-Intervention.

Outcome Variables Pre-Intervention Mean (SD) Post-Intervention Mean (SD) t(14) p (2-tailed)
SF-12 33.33(5.69) 36.93 (4.93) 481 <0.001
SF-12: PCS 14.27 (3.69) 15.33 (2.90) 2.07 0.058
SF-12: MCS
19.07 (3.06) 21.40 (2.61) 4.54 <0.001
CPSS-10 24.80 (7.27) 19.20 (6.54) -3.85 <0.001
FFMQ-C 125.20 (13.25) 133.00 (14.88) 1.88 0.08
PHQ-9 7.40 (5.68) 5.40 (3.76) -1.84 0.09
Day 1: 1.15 (0.19) Day 1: 0.96 (0.29) N/A
Salivary Cortisol*
Day 2: 1.08 (0.19) Day 2:1.02 (0.16) N/A

*, 10g10 nmol/L (mean diurnal level); SF-12 = Health Survey Short Form-12; SF-12: PCS = Physical Component Summary; SF-12: MCS = SF-12
Mental Component Summary; CPSS-10 = 10-item Chinese Perceived Stress Scale; FFMQ-C = Chinese Five-Facet Mindfulness Questionnaire;

PHQ-9 = 9-item Patient Health Questionnaire.

With regard to changes in diurnal cortisol levels, initial
inspection of the correlations between mean levels of cortisol were
correlated with age of participants in pre- and post-intervention in
an opposite way. Age was correlated positively with mean cortisol
in pre-intervention (r =.183), but negatively in post-intervention
(r = -.250). Although the two correlations are not significant, this
pattern suggests possible interaction between age and change
in cortisol levels from pre- to post-intervention. A 3-way mixed
ANOVA with repeated measures (day and pre- post intervention)
and age (a between-subject factor creating by a split at the median
age of 44 yrs.). This created a younger group (n = 7) with mean
age = 36.00 yrs., SD = 5.23, and an older group with mean age =
61.57 yrs., SD = 6.08. Results of ANOVA show that diurnal cortisol

levels were lowered significantly by mindful yoga, F (1,12) =
23.96, p < .001. There was also a significant interaction between
age and pre- post intervention, F (1,12) = 4.93, p =.046, such that
the cortisol-lowering effect of mindful yoga was stronger in older
participants. This pattern of interaction is illustrated graphically
in (Figure 1 & 2).

Conclusion and Discussion

Present findings show that an eight-week mindful yoga
program significantly improved health-related quality of life
(HRQoL) and reduced perceived stress in cancer patients in
Hong Kong. The effect of mindful yoga on HRQoL and perceived
stress in cancer patients is in line with prior research [15,16]. The
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effect of mindful yoga on diurnal cortisol levels is also consistent
with prior findings [12] and theories on the relevance of cortisol
to progression and prognosis of cancer [17]. Even Bonferroni
correction was applied to the p value of paired- sample t-tests,
the significant effect on HRQoL and perceived stress remained
significant. On the other hand, the nonsignificant change in
depression scores from pre- to post-intervention seems to be
consistent with the results of a recent meta-analysis [28]. The
finding that older participants were more benefited by mindful

yoga in reduction of diurnal level of cortisol has not been reported
in prior research. The reason for this is not immediately apparent
but as the program was designed to be mild in physical intensity,
it may be more appealing to or suitable for older participants.
However, as normal aging is associated with an increase in
cortisol level, [29] which is relevant to progression and prognosis
of cancer, this finding may have implications to public health in
aging societies.
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In sum, the significance of present findings is twofold. First,
to our best knowledge, this is the first study examining the effect
of mindful yoga in cancer patients in Hong Kong. Although the
health benefits of yoga have been studied in Parkinson’s disease
[30] and patients with metabolic syndrome [31], data concerning
the effects on cancer patients in Hong Kong are extremely scanty.
Second, despite obvious limitations such as sample size and the
absence of a control group, present findings may still play an
important role in stimulating further research with vigorous
designs to examine the potential of yoga as a complementary
therapy for cancer patients, especially for older patients.
Despite the significance of these preliminary findings, their
implications should be interpreted cautiously because the small
and homogenous sample limits generalization and replicability of
findings. Without a control group, it is challenging to isolate the
effect of yoga from that of well-established confounding variables
such as maturation, history, and regression toward the mean.
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