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ARTICLE INFO ABSTRACT
Keywords: Purpose: Upper limb dysfunction and sleep disturbance are common and serious health problems
Breast cancer in women with breast cancer. Yoga is a mind-body intervention which is shown to improve

Yoga therapy
Upper limb function
Sleep quality
Clinical trial

physical and psychological health. The aim of this study is to evaluate the effectiveness of a tailor-
made yoga program on upper limb function and sleep quality in women with breast cancer.
Methods: A pilot randomized controlled trial (RCT) study design was used. Participants were
randomly allocated to either the yoga intervention group (YG; eight weekly 60-min group-based
yoga sessions) or the wait-list control group (CG). The primary outcome measures were upper
limb function and sleep quality, which were assessed by the self-reported questionnaires — the
shortened version of the Disabilities of the Arm, Shoulder and Hand (QuickDASH) and the
Pittsburgh Sleep Quality Index (PSQI), respectively. The secondary outcome measures were upper
limb muscle strength and mobility, heart rate variability (HRV), anxiety and depression, fatigue,
and health-related quality of life. All participants underwent assessment at four time-points
(baseline, mid-intervention, post-intervention, and 1-month follow-up). The effectiveness of the
intervention was tested by two-way mixed-design repeated-measures analysis of covariance.
Results: For the primary outcomes, there was no significant between-group difference in the upper
limb function. The YG demonstrated significantly shorter sleep latency and higher HRV, and less
sleep disturbance than the CG at post-intervention, and 1-month follow-up, respectively. For the
secondary outcomes, the YG demonstrated significantly improved shoulder muscle strength and
arm symptoms compared to the CG from mid-intervention until the 1-month follow-up.
Conclusion: This pilot trial revealed that the yoga program was feasible to be implemented for
women with primary stage breast cancer. Although yoga was not found to be effective in
improving the upper limb function, it improved sleep latency, HRV, shoulder muscle strength and
arm symptoms of women with breast cancer.
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1. Introduction

Breast cancer is the most commonly diagnosed cancer worldwide [1]. Current treatments for breast cancer include surgery with
radiotherapy and chemotherapy, and these can reduce the residual and recurrence of the disease and improve survival [2]. However,
more than half of breast cancer survivors suffered from disease- or treatment-related adverse effects, such as upper limb dysfunction,
sleep disturbance, persistent fatigue, and psychological distress [3,4].

Over 60 % of women with breast cancer have reported experiencing impairments in upper limb function immediately post-surgery
and/or post-radiotherapy that have led to chronic symptoms or permanent disability and disorders, such as shoulder pain, decreased
joint mobility and muscle strength, altered sensory perception, neuropathies, and lymphedema [5,6]. Sleep disturbance, such as
difficulty falling or staying sleep, is another prevalent and persistent complication of cancer and cancer treatment [7]. A recent review
found that the prevalence of sleep disturbance in women with breast cancer ranged from 14 % to 90 % (pooled estimated = 0.4, 95 %
confidence interval [CI]: 0.29 to 0.52) [8], and its persistence rates were 51 % and 56 % in those with a mean survivorship of 8.9 and
5.6 years, respectively [9,10]. All of these complications can lead to suffering, economic burdens [11], and compromised quality of life
in women with breast cancer [12]. Thus, it is crucial to reduce impairments in upper limb function and decrease sleep disturbance in
women with breast cancer following cancer treatment.

Yoga is a form of mind-body training based on ancient Indian philosophy that emphasizes the integration of postures, breathing,
and meditation [13]. In particular, yoga combines joint movements and breathing exercises that involve lung expansion and muscle
stretching, which increase lymphatic circulation and improve upper limb function [14]. Saraswathi et al. [15] systematically reviewed
seven studies and found that yoga was effective in improving arm symptoms, including shoulder range of motion (ROM) and hand-grip
strength, in breast cancer survivors with lymphedema. Moreover, as yoga combines physical activity with mindful elements consisting
of breathing and meditative maneuvers, it is a potential intervention for decreasing sleep disturbance in women with breast cancer
[16]. For example, meta-analyses have revealed that yoga interventions compared to no active control have resulted in short-term
decreases in sleep disturbance in women with breast cancer, with a standard mean difference (SMD) of —0.25 (95 % CI: —0.40 to
—0.09, p = 0.0018; six randomized controlled trials [RCTs] comprising a total of 657 participants) [17] and an SMD of —0.34 (95 % CI:
—0.55 to —0.12, p = 0.002; three RCTs comprising a total of 343 participants) [18].

Upper limb dysfunction and sleep disturbance are common and serious health problems in women with breast cancer. Decondi-
tioning of upper limb function can lead to a decrease in physical activity and an increase in sleep disturbance. Therefore, improvement
in sleep quality can help to increase physiological reserves and thereby facilitate upper limb function. Yoga is regarded as “meditation
in motion” as it comprises both physical and mental training, which are believed to simultaneously improve upper limb function and
sleep quality in women with breast cancer.

Nevertheless, despite the popularity of yoga, there is only limited evidence comprehensively examined the efficacy of yoga on the
physiological and psychological health conditions of women with breast cancer. Thus, this study aimed to investigate the effects of a
tailor-made 8-week yoga program on upper limb function, sleep quality, and quality of life in women with breast cancer. The research
hypothesis was that the intervention group should have better upper limb function and sleep quality than the control group imme-
diately after yoga intervention and at the 1-month follow-up.

2. Material and methods
2.1. Study design

This pilot RCT (Trial registration: ClinicalTrials.gov Identifier: NCT05869721) was conducted in the Wellness and Exercise Lab-
oratory of The Hong Kong Polytechnic University from May to July 2023.

2.2. Sample size calculation

A previous RCT investigating the effects of mind-body training on reducing joint pain in comparison with a control treatment
reported that such training exhibited an effect size of r = 0.53 in improving upper limb function (assessed using the Disabilities of the
Arm, Shoulder and Hand [DASH] Questionnaire) and an effect size of r = 0.74 in improving sleep (assessed using the Pittsburgh Sleep
Quality Index [PSQI]) in breast cancer survivors, respectively [19]. The sample size required to detect differences in our primary
outcomes would be assumed a moderate effect size (Cohen’s d = 0.5) in the present study. Using G*Power software (version 3.1.9.7)
with F-test (repeated measures ANOVA), an estimated total sample size of 30 participants was needed. Thus, allowing for a 15 %
attrition rate, the required total sample size was 34.

2.3. Participants

Women with breast cancer were recruited from local breast cancer self-help associations through poster advertisements. Potential
participants were included if they (1) were aged 18 or older; (2) were female; (3) had a normal cognitive function; (4) had been
diagnosed with stage I-III primary breast cancer; (5) had finished cancer treatment(s) (i.e., operations and adjuvant therapies) no less
than 1 month before enrollment, may or may not have been currently receiving conventional medical care (e.g., hormonal therapy).
Potential participants were not recruited for the study if they (1) had a metastatic stage of cancer; (2) had a major disease or disorder,
such as a pulmonary, cardiovascular, neurological, musculoskeletal (except upper-extremity problems secondary to breast cancer),
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endocrine, or metabolic disease, or a psychological disorder; (3) were pregnant; (4) had prior experience of practicing yoga; or (5) were
involved in a drug study or other clinical trial.

2.4. Procedure

Potential participants were screened by research personnel for eligibility. The participants were allocated randomly using a
computer software-generated randomization list to an intervention group or a wait-list control group in a 1:1 ratio by a research
assistant who was not involved in the data collection or analysis. To prevent the occurrence of bias that might have affected mea-
surements, the participants were requested to not begin any new exercise regime during the trial period and to not disclose their group

Assessed for eligibility
Enrollment n=47

Not participated:

e Unmet criteria: 4

e Decline without reason: 8

Baseline assessment (T1)

n=35

Randomization

i |

Allocation
L

] A 4

Control group: usual care (waitlist after final

Intervention group: 8-week yoga program
n=16 measurement) n=18

Withdrew: unmatched schedule (1)

!

4 weeks post randomization

A4

4 weeks post randomization

Mid-intervention assessment (T2) n=16 Mid-intervention assessment (T2) n=18

A4

8 weeks post randomization After another 4 weeks of intervention
Post intervention assessment (T3) n=16 Post intervention assessment (T3) n=18
v [ Follow-up ] v
12 weeks post randomization 12 weeks post randomization
1-month follow up assessment (T4) n=16 1-month follow up assessment (T4) n=16
Lost to: busy schedule (1); leg injury (1)

Fig. 1. Flowchart of the pilot randomized controlled trial.
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allocation to the assessor. All of the assessments were performed by the same assessor, who was a registered nurse. The assessor was
blinded to the group allocation and not involved in the delivery of the intervention. During the assessment, the participants completed
the standardized self-reported questionnaires and physiological assessments. The assessments lasted for about 120 min. Rest was
allowed between assessments. The participants in both groups underwent assessment at four time-points (baseline, mid-intervention,
post-intervention, and 1-month follow-up) (Fig. 1). Besides, another research assistant would record participants’ attendance at yoga
sessions and any adverse events that occurred during the intervention and assessments.

2.5. Yoga intervention group

The yoga intervention group (YG) received a 60-min face-to-face group yoga session once per week for 8 weeks. Each group
comprised 6-8 participants, and the intervention therapist who delivered the intervention was a qualified yoga instructor with more
than 10 years of yoga-coaching experience. Yoga sessions for different groups were conducted by the same yoga instructor and fol-
lowed with the yoga intervention protocol (Supplementary material). The protocol was developed based on modified traditional Hatha
yoga and consisted of yogic breathing (pranayama), postures (asana), and meditation (dhyana) with relaxation elements.

Some of the poses (e.g., “Triangle,” “Warriors,” “Locust,” and “Bridge”) require the participants in the YG to deeply stretch their
shoulders, arms, and upper back, as the poses specifically engage the deltoids, triceps, trapezii, and rhomboids. In addition, these poses
help to build core stability and strengthen the chest and back muscles. Other poses (e.g., “Cow Face” and “Thread the Needle”) require
the participants in the YG to perform a gentle twist that helps to release tightness in the shoulders, chest, and upper back and stretch the
rotator cuff, thereby increasing the flexibility of the shoulder complex. Moreover, poses involving twists and inversion (e.g., “Humble
Warrior”) help to stimulate lymphatic circulation. Lymphatic drainage is crucial for preventing arm swelling and thus is particularly
important for those who have undergone lymph node removal.

It is believed that yoga poses performed in synchrony with breathing exercises reinforce the benefits of limb stretching. In addition,
the combination of relaxation elements with guided meditative practice in yoga helps practitioners to restore body homeostasis,
including disrupted circadian rhythms, which is associated with sleep problems [20,21].

2.6. Control group

The participants in the control group (CG) received usual care (i.e., routine medical follow-up) and underwent assessment on the
same timeline as the YG. The CG participants were requested to maintain their usual activities throughout the intervention and
measurement periods and were informed that, after the final assessments had been performed, they would be offered the same yoga
program as the YG.

2.7. Outcome measures

2.7.1. Primary outcomes

Upper limb function Upper limb function was determined by the Chinese (Hong Kong) shortened version of the DASH (Quick-
DASH) [22], which measures physical functioning and disability of the upper limbs. A higher score represents greater disability (11
items, score range: 0%-100 %). The Chinese version of QuickDASH was found strongly correlated with DASH (r = 0.82) and
demonstrated good internal consistency (Cronbach’s a = 0.818) and test-retest reliability (intraclass correlation coefficient [ICC] =
0.907) in people suffering upper limb disorders [23].

Sleep quality Sleep was evaluated by the Pittsburgh Sleep Quality Index in Chinese version (PSQI-C) [24], which assesses the seven
components: sleep quality, disturbance, duration, latency, efficiency, daytime dysfunction, and use of sleep medication. A higher score
represents poorer sleep quality (19 items, score range: 0-21). The Cantonese version of PSQI demonstrated acceptable internal con-
sistency (Cronbach’s a = 0.75) in Chinese adult [25].

2.7.2. Secondary outcomes

Shoulder muscle strength Shoulder muscle strength for flexion and abduction was assessed by a handheld dynamometer (HHD)
(Lafayette Instrument Company, USA), which demonstrated intra-tester reliability with ICC3 ; of 0.72-0.99 in breast cancer survivors
[26]. The participants elevated arm to 90° while the assessor supported the device with one hand, in a contrary direction to the arm
elevated movement and stabilize the proximal joint with another hand. The participants were instructed to increase their effort to their
maximum counterforce and then hold it for 5 s. The average of the three measurements was taken as the score for analysis. Each test
was separated by at least 1-min rest. Body-weight-adjusted muscle strength was adopted in our analysis, i.e., muscle strength was
normalized to body weight.

Shoulder joint flexibility The active ROM of shoulder flexion and abduction were measured using a goniometer according to a
standard protocol [27]. The participant rotated shoulder joint externally to its maximum extent without compensatory trunk move-
ment. The hand behind the back (HBB) motion was determined with the length between the cervical vertebra (C7) spinous process and
the tip of the thumb while the participants placed their thumb along the spinal column [28]. A shorter distance reflects greater HBB
ROM. The final score of each angle was counted by the average from three measurements.

Heart rate variability Heart rate variability (HRV) was used as a measure of cardiac autonomic modulation [29]. The participants
were instructed to avoid alcohol and caffeinated beverages in the 3 h preceding HRV assessment. The participants sat for 10 min, and
then their cardiac waveforms were continuously recorded over 5 min using a validated wearable device (Polar H10 heart rate sensor)
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[30] that was firmly strapped immediately below the chest muscle. The time-domain measures included the mean normal-to-normal
(NN) interval (RRi), the standard deviation of NN intervals (SDNN), and the root mean square of the successive difference of NN
intervals (RMSSD). The frequency-domain measures included the low-frequency (LF), the high-frequency (HF), and the LF/HF ratio
[31]. Data analysis was performed using the Kubios software (Kubios HRV Standard ver. 3.5.0) [32].

Mood The Chinese (Cantonese) Hospital Anxiety and Depression Scale (HADS-C) was used to measure levels of anxiety and
depression [33]. This instrument consists of anxiety and depression subscores, and a higher score represents high levels of anxiety and
depression symptoms (subscore score ranges: 0-21). The Chinese version of HADS demonstrated good internal consistency with
Cronbach’s a of 0.87 for both subscales in cancer patients [34].

Fatigue The Chinese/Cantonese version of the Fatigue Assessment Scale (C-FAS) was a validated and reliable instrument to
determine levels of fatigue [35]. It includes 10 items across two subscales (physical and mental fatigue). A higher score indicates higher
level of fatigue (total score range: 10-50).

Health-related quality of life Health-related quality of life was assessed using the traditional Chinese version of the Functional
Assessment of Cancer Therapy — Lymphedema questionnaire (FACT-B + 4) [36], which consists of 41 items across six subscales
(physical, social, emotional, functional well-being, breast cancer, and arm symptoms). A higher score represents a better quality of life
(total score range: 0-148). The FACT-B + 4 demonstrated good internal consistency (Cronbach’s @ = 0.81) in Chinese women with
breast cancer [37].

2.8. Statistical analyses

A Kolmogorov-Smirnov test was performed to check the normality of the data. A last-observation-carried-forward intention-to-
treat analysis was adopted to manage missing data and dropouts. The effectiveness of the intervention was tested by using a two-way
mixed-design repeated-measures analysis of covariance to measure between-group (intervention versus control) changes in outcome
measures across time. Sociodemographic and baseline variables were treated as covariates if there were any significant between-group
differences. Partial eta-square (npz) of 0.01 (small), 0.06 (medium) and 0.14 (large) effect sizes were applied. Post-hoc test would be
done if a variable exhibited significant time-by-group interaction effects. Paired t-tests (Bonferroni adjustment) and independent t-tests
were performed for within-group and between-group comparisons, respectively. Alpha («) value was at <0.05 as the significance level,
and the adjusted o of <0.008 (0.05/6) was adopted to prevent occurrence of Type 1 error in view of multiple comparisons. All sta-
tistical analyses were conducted by SPSS 26.0 software (IBM, Armonk, New York).

3. Results
3.1. Participants’ characteristics

Thirty-five women with breast cancer were recruited as participants: 17 were assigned to the YG, and 18 were assigned to the CG.
There were no significant between-group differences in terms of sociodemographic or clinical characteristics (Table 1).

One participant in the YG withdrew from the study before the start of the intervention because of a schedule clash. Thus, there were
16 participants (mean age: 48.63 + 8.77 years) in the YG, and they completed all of the assessments. There were 18 participants (mean
age: 45.78 + 9.25 years) in the CG, but only 16 completed all of the assessments; two participants did not complete the 1-month follow-
up assessment due to a busy schedule (one participant) and a leg injury (one participant). The 16 participants in the CG who completed
all of the assessment would receive the yoga program after they had completed the final assessment. No adverse events were reported
during the yoga sessions, and the average attendance rate was 92 % for the intervention group.

3.2. Effects of yoga training

3.2.1. Primary outcomes

Upper limb function

There was a statistically significant group-by-time interaction effect (F (3, 96) = 9.246, p < 0.001 with a large effect size (np%) =
0.224) on QuickDASH scores (Table 2). However, post-hoc analysis revealed that there was no significant between-group difference at
all time-points (mid-intervention: mean difference (MD) = —2.384, t = —0.438, 95 % CI: —13.464 to 8.696, p = 0.664; post-
intervention: MD = —10.448, t = —1.810, 95 % CL: —22.275 to 1.380, p = 0.081; 1-month follow-up: MD = —5.193, t = —1.027,
95 % CI: —15.529 to 5.143, p = 0.313).

Sleep

There were statistically significant group-by-time interaction effects on PSQI global scores (F = 3.975, p = 0.010, np? = 0.110), and
on sleep disturbance (F = 4.116, p = 0.017, npz = 0.114) and sleep latency (F = 4.995, p = 0.006, np2 = 0.135) sub-scores (Table 2).
Despite post-hoc analysis revealed that there was no significant between-group difference in PSQI scores at all time-points (mid-
intervention: MD = —0.278, t = —0.236, 95 % CI: —2.680 to 2.125, p = 0.815, post-intervention: MD = —1.076, t = —0.920, 95 % CI:
—3.495t0 1.343, p = 0.367; 1-month follow-up: MD = —1.604, t = —1.512, 95 % CL: —3.765 to 0.556, p = 0.140), the YG had
significantly lower sleep latency sub-scores (MD = —0.646, t = —2.177, 95 % CI: —1.254 to —0.037, p = 0.038) at post-intervention and
significantly less sleep disturbance (MD = —0.431, t = —2.476, 95 % CI: —0.785 to —0.076, p = 0.019) at 1-month follow-up than the
CG.
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3.2.2. Secondary outcomes

Shoulder muscle strength and mobility

Regarding shoulder muscle strength, there were significant group-by-time interaction effects on bilateral shoulder flexion (both p
< 0.001) and affected-side shoulder abduction (p = 0.031), but not on unaffected-side shoulder abduction (p = 0.068) (Table 3). For
the affected-side shoulder, when compared with the CG, the YG demonstrated significantly greater body-weight-normalized muscle
strength in flexion angle across mid-intervention to 1-month follow-up (mid-intervention: MD = 0.042, t = 3.326, 95 % CI: 0.017 to
0.071, p = 0.002, post-intervention:, MD = 0.038, t = 3.134, 95 % CI: 0.013 to 0.063, p = 0.004; 1-month follow-up: MD = 0.042, t =
2.169, 95 % CI: 0.003 to 0.081, p = 0.038), and abduction angle at mid-intervention and post-intervention (mid-intervention: MD =
0.027, t = 2.278, 95 % CI: 0.003 to 0.051, p = 0.030, post-intervention: MD = 0.038, t = 2.800, 95 % CIL: 0.010 to 0.065, p = 0.009; 1-
month follow-up: MD = 0.033, t = 1.718, 95 % CI: —0.006 to 0.072, p = 0.095). For the unaffected-side shoulder, when compared with
the CG, the YG demonstrated significantly greater body-weight-normalized muscle strength in flexion angle at post-intervention and 1-
month follow-up (mid-intervention: MD = 0.023, t = 1.734, 95 % CI: —0.004 to 0.051, p = 0.093, post-intervention: MD = 0.044, t =
3.117, 95 % CIL: 0.015 to 0.073, p = 0.004; 1-month follow-up: MD = 0.038, t = 2.339, 95 % CIL: 0.005 to 0.071, p = 0.026), and
abduction angle at post-intervention (mid-intervention: MD = 0.022, t = 1.682, 95 % CI: —0.005 to 0.049, p = 0.102, post-
intervention: MD = 0.040, t = 2.459, 95 % CI: 0.007 to 0.073, p = 0.020; 1-month follow-up: MD = 0.033, t = 1.815, 95 % CIL:
—0.004 to 0.071, p = 0.079).

Regarding shoulder mobility, there were significant group-by-time interaction effects on bilateral limb HBB motion and abduction
ROM (p = 0.004-0.018), however, further analysis showed that there was no significant between-group difference at all time-points.

HRV

There was a significant group-by-time interaction effect on the RMSSD index (F = 4.264, p = 0.008, np> = 0.118) (Table 4). In

Table 1
Participants’ demographics and clinical characteristics.
YG (n = 16), n (%) CG (n = 18) n (%) tor y2 D
Age, mean (SD) 48.63 (8.77) [range:37-63] 45.78 (9.25) [range:36-63] t=-0.918 0.366
Education level x2 = 2.242 0.131
Primary or below 0 0
Secondary 4 (25) 9 (50)
Tertiary 12 (75) 9 (50)
Living status x2 = 3.702 0.094
alone 3(18.8) 0
family 13 (81.3) 18 (100)
Employment status x2 = 0.410 0.980
Full-time 10 (62.5) 11 (61.1)
Part-time 2 (12.5) 2(11.1)
Others (i.e., housewife) 4 (25) 5 (27.8)
Marital status x2 = 0.283 0.868
Single 4 (25) 6(33.3)
Married 11 (68.8) 11 (61.1)
Divorced 1(6.3) 3(5.6)
Widowed 0 0
Hand Dominance x2 =1.889 0.487
Right 16 (100) 16 (88.9)
Left 0 2(11.1)
Cancer stage ¥2 = 0.360 0.835
1 4 (25) 5(27.8)
i 8 (50) 10 (55.6)
il 4(25) 3(16.7)
Duration of cancer diagnosis (months), mean (SD) 18.22 (9.07) [Range: 3.5-44] 22.58 (9.51) [Range: 5-38] t=1.365 0.182
Post-surgery duration (months), mean (SD) 16.75 (9.44) [Range: 3-43] 22.08 (9.55) [Range: 4.5-37.5] t=1.634 0.112
Post-chemotherapy/radiotherapy duration (months), mean (SD) 12.72 (9.49) [Range: 2.5-39] 16.75 (10.75) [Range: 2.5-37] t=1.153 0.258
Surgery-mastectomy 2 = 0.472 0.732
Mastectomy 9 (56.3) 8 (44.4)
Partial mastectomy 7 (43.8) 10 (55.6)
Surgery-lymph node x2 = 4.386 0.112
none 1(6.3) 5(27.8)
Sentinel node dissection 7 (43.8) 3(16.7)
Lymph node dissection 8 (50) 10 (55.6)
Adjuvant treatments
Chemotherapy 11 (68.8) 17 (81.3) x2 = 3.848 0.078
Radiotherapy 14 (87.5) 13 (72.2) 2 =1.209 0.405
Hormonal therapy 6 (37.5) 6 (33.5) x2 = 0.064 1.000
Affected side %2 = 2.902 0.234
Right 5 (43.8) 9 (50)
Left 7 (31.3) 8 (44.49)
Both 4 (25) 1(5.6)

t, independent-sample t-test; ¥2, chi-squared test; YG, yoga intervention group; CG, control group.



Table 2
Between-group and within-group comparison on upper limb function and sleep.
YG (n = 16) CG (n=18) Group-by-time Interaction Group Effect Time Effect
Mean (SD) Mean (SD)
T1 T2 T3 T4 T1 T2 T3 T4 F- p Effect size, F- P Effect size, F- P Effect size,
value np2 value np2 value np2
Upper limb function
QuickDASH 26.56 18.32 15.06 18.04 22.85 20.71 25.50 23.23 9.246  0.000* 0.224 0.429 0.517 0.013 5.770 0.003* 0.153
(16.47) (14.43) (12.08)* (11.45)* (19.53) (16.97) (20.87) (17.68)
Sub-scores of QuickDASH
-QuickDASH 23.05 17.58 14.45 14.84 22.22 17.71 19.79 20.49 2.464 0.079 0.071 0.258 0.615 0.008 5.740 0.002* 0.152
(work) (14.74) (12.75) (13.25) (15.45) (18.72) (15.20) (16.64) (17.26)
-QuickDASH 31.25 28.52 21.88 22.66 28.82 23.94 27.78 18.75 1.494 0.221 0.045 0.050 0.824 0.002 3.775 0.013* 0.106
(sports) (17.53) (20.02) (20.16) (15.12) (20.91) (21.03) (19.67) (16.88)
Sleep
PSQI (global) 7.75 (2.96) 6.50 (2.56) 5.81 (1.91) 5.06 (2.62)° 6.89 (5.03) 6.78 (4.05) 6.89 (4.54) 6.67 (3.45) 3.975 0.010* 0.110 0.211 0.649 0.007 5.111 0.003* 0.138
Sub-scores of PSQI
-Duration 0.75(0.68) 0.88 (0.50) 0.94 (0.58) 0.63(0.72) 0.83(0.71) 0.72(0.58) 0.83(0.71) 0.78 (0.65) 1.131 0.340 0.034 0.001 0.978 0.000 1.192 0.317 0.036
-Disturbance 1.50 (0.52) 1.19(0.54) 1.13(0.50) 1.13 1.28 (0.67) 1.39(0.50) 1.39(0.50) 1.56(0.51) 4.116 0.017* 0.114 1.443 0.238 0.043 0.721 0.504 0.022
(0.50)*
-Latency 1.56 (0.81) 1.25(0.78) 0.69 (0.60)> 0.63 1.50 (1.04) 1.28 (0.90) 1.33(1.09) 1.28(1.13) 4.995 0.006* 0.135 1.266 0.269 0.038 9.403 0.000* 0.227
b,# (0.89)a,b
-Day dysfunction 1.00 (0.89) 1.00(0.73) 1.19(0.83) 1.06 (0.85) 0.94(1.00) 1.17(0.92) 1.22(1.00) 1.00(0.84) 0.497 0.632 0.015 0.006 0.941 0.000 1.706 0.185 0.051
-Quality 1.75(0.68) 1.44(0.63) 1.25(0.68) 1.19(0.54) 1.22(1.00) 1.22(0.88) 1.28(0.83) 1.17(0.62) 2.423 0.084 0.070 0.715 0.404 0.022 2.599 0.069 0.075
-Efficiency 0.94 (0.77) 0.50 (0.52) 0.56 (0.63) 0.31(0.60) 0.72(0.96) 0.56 (0.71) 0.56 (0.71) 0.44 (0.51) 0.737 0.491 0.023 0.002 0.963 0.000 4.694 0.011* 0.128
-Medication 0.25 (0.58) 0.25(0.68) 0.06 (0.25) 0.13(0.50) 0.39(0.98) 0.44 (1.04) 0.28 (0.83) 0.44(1.04) 0.299 0.719 0.009 0.774 0.386 0.024 1.271 0.286 0.038

T1, baseline; T2, mid-intervention; T3, post-intervention, T4, 1-month follow-up; YG, yoga intervention group; CG, control group.
QuickDASH, shortened version of the Disabilities of the Arm, Shoulder and Hand; PSQI, Pittsburgh Sleep Quality Index.
*p < 0.05, group-by-time interaction, group and time effect; *p < 0.05, between-group comparison at each time-point.

4 p < 0.008, within-group comparison relative to T1; > p < 0.008, within-group comparison relative to T2.
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Table 3

Comparison of effects of yoga intervention on upper limb strength and shoulder mobility between groups over 4 time-points measures.

YG (n = 16) CG(n=18) Group-by-time Interaction Group Effect Time Effect
Mean (SD) Mean (SD)
T1 T2 T3 T4 T1 T2 T3 T4 F- p Effect F- p Effect F- p Effect
value size, np2 value size, np2 value size, np2
Muscle strength-Affected side (normalized to body weight) [muscle strength, kgl
Shoulder 0.11 (0.03) 0.17 (0.04)> 0.16 (0.0)** 0.16 (0.07)> 0.12(0.05) 0.13 (0.04) 0.13 (0.03) 0.12(0.05) 8.490 0.000* 0.210 4.838 0.035* 0.131 10.294 0.000* 0.243
flexion [6.32 + #19.89 + [9.36 +£2.23] #[9.19+ [6.85 + [7.14 + [7.04 £ [6.83 +
1.71] 2.32] 2.72] 2.37] 1.77] 1.69] 2.22]
Shoulder 0.11 (0.03)  0.15 (0.03)> 0.16 (0.0)>* 0.15 (0.07)> 0.11(0.04) 0.12(0.03) 0.12(0.04) 0.12(0.04) 3.606 0.031* 0.101 3.901 0.057 0.109 6.226  0.003* 0.163
abduction [6.18 + #[8.69 + [8.86 +2.37] *[8.31+ [6.32 + [6.92 + [6.66 + [6.50 +
1.61] 2.26] 3.10] 2.20] 1.58] 1.91] 2.08]
Muscle strength-Unaffected side (normalized to body weight) [muscle strength, kg]
Shoulder 0.12 (0.03) 0.16 (0.04)  0.18 (0.05)** 0.17 (0.05)* 0.14 (0.05) 0.14 (0.04) 0.14 (0.04) 0.13(0.04) 9.351 0.000* 0.226 3.522 0.070 0.099 8.145  0.000* 0.203
flexion [7.13 + [9.32 + [10.25 + #19.79 + [7.71 £ [7.82 + [7.76 + [7.56 +
1.32] 2.07] 2.32] 2.58] 2.09] 1.74] 1.88] 2.08]
Shoulder 0.120.02) 0.14(0.04)  0.16 (0.05)* 0.16 (0.06)  0.12(0.05) 0.12(0.04) 0.12(0.05) 0.12(0.05) 2.553 0.068 0.0740  3.990 0.054 0.111 2.015 0.117 0.059
abduction [7.02 + [8.34 + [9.16 + 2.87] [8.81 + [6.99 + [6.90 + [6.82 + [6.84 +
1.34] 2.46] 3.29] 2.65] 1.75] 2.35] 2.43]
Shoulder ROM-Affected side
Flexion (°) 161.90 168.38 167.63(8.95) 167.00 160.00 160.39 162.82 162.95 2.077 0.108 0.061 2.864 0.100 0.082 5.132  0.002* 0.138
(10.45) (9.33) (8.50) (8.05) (9.66) (9.15) (9.26)
Abduction(®) 158.19 165.92 165.15 166.31 159.04 158.9 158.76 159.41 4.447 0.011* 0.122 1.650 0.208 0.049 4.604  0.009* 0.126
(15.75) (13.79)* (11.32)* (12.51)* (10.92) (10.48) (10.49) (9.38)
HBB-length 19.39(6.58) 15.99 (5.45)* 15.21 (4.78)° 14.94 (4.97)* 17.97(5.77) 17.44 17.18(6.05) 17.38(6.70) 6.287 0.004* 0.164 0.324 0.573 0.010 11.817 0.000* 0.270
(cm) (6.48)
Shoulder ROM-Unaffected side
Flexion (°) 165.81 168.71 171.32(9.72) 170.14 164.26 166.81 163.23 166.76 2.314 0.092 0.067 3.023 0.092 0.086 2.228 0.101 0.065
(10.56) (8.47) (6.46) (7.45) (6.55) 97.33) (6.88)¢
Abduction(®) 160.27 165.52 167.61 167.81 162.83 163.02 163.24 162.42 3.522 0.018* 0.099 0.639 0.430 0.020 3.510 0.018* 0.099
(11.79) (11.87) (9.68)* (8.11)* (10.71) (9.54) (9.21) (8.97)
HBB-length 17.78 (5.22) 16.09 (4.32) 14.53 (4.83) 15.22(4.45)* 16.18(5.29) 15.74 15.71(5.69) 16.55(6.03) 4.196 0.008* 0.116 0.006 0.937 0.000 5.084 0.003* 0.137
(cm) (6.16)

T1, baseline; T2, mid-intervention; T3, post-intervention, T4, 1-month follow-up; YG, yoga intervention group; CG, control group.

*p < 0.05, group-by-time interaction, group and time effect; *p < 0.05, between-group comparison at each time-point.
@ p < 0.008, within-group comparison relative to T1.
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Table 4
Comparison of effects of yoga intervention on heart rate variability between groups over 4 time-points measures.
YG (n = 16) CG (n=18) Group-by-time Interaction Group Effect Time Effect
Mean (SD) Mean (SD)
T1 T2 T3 T4 T1 T2 T3 T4 F- P Effect F- P Effect F- p Effect
value size, value size, value size,
np2 np2 np2
Heart rate variability
Minimum 68.06 63.38 66.44 68.75 69.83 67.07 67.72 66.89 0.991 0.400 0.030 0.222 0.641 0.007 1.844 0.144 0.054
HR (8.71) (15.00) (9.19) (10.30) (9.67) (7.24) (8.44) (5.65)
(bpm)
Maximum 84.50 89.50 85.81 88.00 89.56 87.17 87.06 87.11 1.951 0.145 0.057 0.052 0.821 0.002 0.492 0.635 0.015
HR (13.83) (12.34) (12.34) (12.70) (13.10) (8.67) (9.48) (7.19)
(bpm)
Time-Domain
-RRi (ms) 823.00 814.88 837.75 773.75 781.56 753.50 752.56 748.06 1.175 0.323 0.035 4.817 0.036* 0.131 2.323 0.080 0.068
(104.66) (104.01) (99.86) (79.70) (90.49) (95.19) (89.98) (76.00)
-SDNN (ms) 24.88 30.24 34.93 28.44 24.70 23.45 27.54 2491 2.594 0.072 0.075 1.791 0.190 0.053 6.974 0.001* 0.179
(11.08) (13.03) (13.30) (10.02) (9.78) (9.54) (11.29) (9.99)
-RMSSD 28.00 28.26 34.33 28.88 28.44 30.12 25.63 27.49 4.264 0.008* 0.118 0.325 0.573 0.010 0.575 0.633 0.018
(ms) (11.78) (12.07) (14.05)* (10.39) (11.55) (13.25) (7.96) (9.77)
Frequency-Domain
-LF (nu) 38.13 45.89 43.49 40.89 37.99 41.98 38.39 39.42 0.545 0.604 0.017 0.281 0.600 0.009 2.541 0.079 0.074
(13.61) (21.27) (18.09) (21.27) (13.12) (12.27) (15.20) (15.48)
-HF (nu) 65.15 60.29 58.27 58.90 62.40 60.61 61.18 61.72 0.579 0.630 0.018 0.049 0.827 0.002 1.172 0.325 0.035
(13.66) (14.82) (18.92) (21.40) (13.96) (11.91) (15.16) (16.95)
-LF/HF ratio 2.01 1.77 1.96 2.27 1.99 1.62 2.05 2.01 0.278 0.841 0.009 0.047 0.830 0.001 1.664 0.180 0.049
(1.06) (1.15) (1.75) (1.91) (1.20) (0.67) (1.38) (1.32)

T1, baseline; T2, mid-intervention; T3, post-intervention, T4, 1-month follow-up; YG, yoga intervention group; CG, control group.

HR, heart rate; bpm, beat per minute, RRi, mean normal to normal (NN) interval; SDNN, standard deviation of NN intervals; RMSSD, root mean square of the successive difference of NN intervals; LF, low-
frequency; HF, high-frequency; ms, millisecond; nu, normalized unit.

*p < 0.05, group-by-time interaction, group and time effect; *p < 0.05, between-group comparison at each time-point.
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Table 5

Comparison of effects of yoga intervention on mood and fatigue between groups over 4 time-points measures.

YG (n = 16) CG(n=18) Group-by-time Interaction Group Effect Time Effect
Mean (SD) Mean (SD)
T1 T2 T3 T4 T1 T2 T3 T4 F- p Effect size, F- P Effect size, F- P Effect size,
value np2 value np2 value np2
Anxiety
HADS-Anxiety 7.56 (2.68) 6.69 (2.68) 6.37(3.10) 6.19 6.89(2.91) 7.44(3.05) 7.11(2.91) 7.28(3.56) 3.965 0.010* 0.110 0.252 0.619 0.008 1.541 0.209 0.046
(2.40)*
Depression
HADS- 5.75(3.19) 5.69(2.92) 5.50(2.83) 5.63 (2.55) 5.56(3.29) 5.67 (2.72) 5.61(2.73) 5.67(3.48) 0.109 0.955 0.003 0.000 0.987 0.000 0.072 0.975 0.002
Depression

Fatigue

FAS 26.38 25.25 25.06 24.94 25.78 25.89 26.17 26.61 1.262 0.292 0.038 0.175 0.679 0.005 0.285 0.801 0.009
(6.81) (6.36) (5.62) (5.77) (7.37) (7.78) (7.07) (7.73)

Sub-score of FAS

-FAS (physical) 14.12 14.06 13.69 13.94 14.17 14.28 14.39 14.44 0.230 0.809 0.006 0.026  0.873 0.001 0.043 0.954 0.001
(3.83) (3.49) (3.01) (3.79) (4.06) (4.31) (4.58) (4.76)

-FAS (mental) 12.13 11.19 11.19 11.00 11.61 11.50 11.89 12.06 1.200 0.314 0.036 0.513 0.479 0.016 0.503 0.681 0.015
(3.48) (3.45) (3.27) (2.63) (3.70) (3.78) (3.53) (3.80)

T1, baseline; T2, mid-intervention; T3, post-intervention, T4, 1-month follow-up; YG, yoga intervention group; CG, control group.

HADS, Hospital Anxiety and Depression Scale; FAS, Fatigue Assessment Scale.

*p < 0.05, group-by-time interaction, group and time effect.
@ p < 0.008, within-group comparison relative to T1.
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Table 6
Comparison of effects of yoga intervention on health-related quality of life between groups over 4 time-points measures.
YG (n=16) CG (n=18) Group-by-time Interaction Group Effect Time Effect
Mean (SD) Mean (SD)
T1 T2 T3 T4 T1 T2 T3 T4 F- p Effect size, F- p Effect size, F- p Effect size,
value np2 value np2 value np2

Health-related Quality of Life (Specific to breast cancer)

FACT-B (total) 93.87 101.25 103.60 105.15 93.94 93.22 94.18 93.07 6.122 0.001* 0.161 1.148 0.292 0.035 5.149 0.002* 0.139
(22.33) (21.99)* (23.39)* (20.13)* (21.07) (18.60) (17.95) (20.22)

Sub-score of FACT-B

-Physical 20.50 21.81(3.83) 22.13(3.98) 22.44(3.56) 19.72 20.11 20.72 20.17 1.085 0.359 0.033 1.010 0.322 0.031 3.937 0.011* 0.110
(4.34) (5.99) (5.21) (4.62) (5.23)

-Social 18.62 19.06 (6.68) 20.54 20.65 (4.87) 19.44 17.17 17.73 16.73 5.284 0.005* 0.142 0.941 0.339 0.029 1.099 0.345 0.033
(6.56) (6.15)* (6.72) (5.92) (6.22) (6.22)

-Emotional 16.94 18.31 (3.75) 17.56 (4.32) 18.75(3.28) 17.33 17.44 17.22 17.22 1.926 0.131 0.057 0.237 0.630 0.007 1.879 0.138 0.055
(3.75) (4.30) (3.43) (3.80) (3.64)

-Functional 17.06 19.25 (6.42) 19.25 19.06 (5.85) 17.50 17.89 17.17 16.67 3.368 0.022* 0.095 0.452 0.506 0.014 2.515 0.063 0.073
(5.53) (5.59)° (6.24) (5.84) (6.31) (6.82)

-BCS 20.75 22.81 (6.74) 24.13(7.51) 24.25(8.11) 19.94 20.61 21.33 22.28 1.400 0.248 0.042 0.998 0.325 0.030 13.294 0.000* 0.294
(7.19) (4.80) (4.43) (3.66) (3.92)

-Arm 14.25 16.38 16.63 16.50 12.78 13.39 13.17 13.94 3.194 0.027* 0.091 5.521 0.025* 0.147 10.243 0.000* 0.242

symptoms  (2.72) (2.55)>* (2.31)** (3.29)>* (4.19) (2.85) (4.27) (3.57)

T1, baseline; T2, mid-intervention; T3, post-intervention, T4, 1-month follow-up; YG, yoga intervention group; CG, control group.

FACT-B, Functional Assessment of Cancer Therapy-Breast; BCS, breast cancer subscale.
*p < 0.05, group-by-time interaction, group and time effect; *p < 0.05, between-group comparison at each time-point.
@ p < 0.008, within-group comparison relative to T1.
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addition, at post-intervention, the YG demonstrated significantly higher RMSSD index values than the CG (MD = 8.692, t = 2.182, 95
% CI: 0.454 to 16.929, p = 0.040). Otherwise, there was no significant between-group difference in other HRV indices.

Anxiety, depression, and fatigue

There was a significant group-by-time interaction effect on HADS-C anxiety subscale scores (F = 3.965, p = 0.010, np? = 0.110)
(Table 5), however, there was no significant between-group difference at all time-points. In addition, there were no significant
interaction effects on HADS-C depression or fatigue subscale scores.

Health-related quality of life

There were significant group-by-time interaction effects on FACT-B + 4 total scores (F = 6.122, p = 0.001, np? = 0.161) and on
scores in three domains of the FACT-B + 4 (social well-being, functional well-being, and arm symptoms domains) (Table 6). In
addition, the arm symptoms subscores of the YG improved significantly over time compared with those of the CG (mid-intervention:
MD = 2.986, t = 2.628, 95 % CI: 0.671 to 5.301, p = 0.013, post-intervention: MD = 3.458, t = 2.882, 95 % CI: 1.014 to 5.902, p =
0.007; 1-month follow-up: MD = 2.556, t = 2.161, 95 % CI: 0.147 to 4.964, p = 0.038). However, there was no significant between-
group difference in FACT-B + 4 total score and other subscores.

4. Discussion

The preliminary findings showed that the tailor-made yoga program is a well-accepted form of supportive care for women with
breast cancer in view of its high compliance rate in this pilot study. Regarding the primary outcomes, there was no significant between-
group difference in upper limb function but the YG demonstrated significantly shorter sleep latency and less sleep disturbance than the
CG at post-intervention and 1-month follow-up, respectively. Regarding the secondary outcomes, the YG demonstrated significantly
greater improvements than the CG in the shoulder muscle strength and arm symptoms subscores of the FACT-B + 4 from mid-
intervention until 1-month follow-up, as well as higher HRV (RMSSD) at post-intervention.

4.1. Feasibility of the yoga program

In this pilot study, the dropout rate was low. The reasons for the dropout (schedule clash and leg injury) were unrelated to the yoga
intervention. The participant with the leg injury was in the CG and she did not engage the yoga training before withdrawal. Regarding
the safety of practicing yoga, there was no recorded adverse events or complaints during and after yoga sessions. Furthermore, a high
attendance rate (92 %) was recorded. The possible factors influencing the participation of the intervention may be due to the group-
based nature of the intervention, which was treating as a regular social event for the participants. The peer support from the group may
have served as motivation for participation. Additionally, an identity-verified QR code for venue entry was texted to the participants
individually through mobile phones for each yoga session. Group dynamics and phone reminders may have promoted the intervention
adherence. It is believed that our tailor-made yoga program was well-accepted by participants with breast cancer.

4.2. Effects on upper limb performance

Although we found a 43 % reduction in upper limb functional disability (as measured by the QuickDASH) in the YG and an 12 %
increase in this disability in the CG, this between-group difference was not statistically significant. There are three possible reasons for
this lack of statistical significance. First, our sample size might not have been large enough to detect a significant between-group
difference. Second, although the YG overall showed improved upper limb function after the intervention, there were a few outliers
in the CG with marked drops in scores that may have confounded the results. Third, although the intervention improved the upper limb
function of the YG, the dosage of yoga training might not have been sufficiently intense. Thus, our main study should use a higher
dosage of yoga training, such as a higher frequency, a longer duration, and a booster session. Nevertheless, upon inspection of the
QuickDASH items, we observed a decreased rating of the items related to the severity of upper limb pain and tingling in the YG,
however, there was no ease of difficulties in the items of “doing heavy househlod chores” and “recreational activities requiring some
force” after yoga intervention. In line with the positive findings of FACT-B arm symptoms subscores, which evaluated upper limb pain
in movement, numbness, stiffness and range of motion, participants in the YG demonstrated improved arm symptoms after yoga
training. Therefore, we believe that upper limb function could gradually improve as their arm symptoms improved. However, apart
from the arm symptoms, other factors may affect the ability to perform activities. These factors could include fatigue, fear of injury,
and time constraints.

As expected, our tailor-made yoga intervention increased the body-weight-adjusted shoulder muscle strength (affected side flexion:
23 %; abduction: 33 %; unaffected side: flexion: 29 %) at post-intervention, when compared with the CG. These findings are consistent
with those of a pilot RCT conducted by Loudon et al. [38] that used an 8-week yoga training intervention. They found that this
intervention led to 17 % and 20 % increases in affected and unaffected shoulder-abduction muscle strength, respectively, in women
with breast cancer-related lymphedema compared with control women. Moreover, our YG demonstrated improvement in
affected-shoulder muscle strength at the fourth week of the intervention, and these effects persisted at 1-month follow-up.

ROM is important for activities of daily living, particularly those involving overhead reaching and hand behind back motion.
Although there was no significant between-group difference in shouler ROM, the YG exhibited an increase of 14%-23 % in HBB
mobility from mid-intervention to 1-month follow-up, compared with baseline. Thus, increasing the yoga training dosage in our future
main study may enhance the intervention’s effects on shoulder mobility.

Women with breast cancer who undergo surgeries and radiotherapy experience tissue injuries and fibrosis, coupled with post-
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operative pain and decreased upper limb activity, which results in reduced shoulder mobility and muscle strength. Shamley et al. [39]
investigated changes in shoulder muscles following breast cancer treatments, namely mastectomy and radiotherapy; and found that
compared with before surgery, after surgery the upper trapezii and rhomboids demonstrated significantly less electromyographic
activity. This decreased activity was significantly associated with pain, disability, and time since surgery. Via magnetic resonance
imaging, they also determined that the pectoralis major and minor decreased in size on the affected side [39]. Our tailor-made yoga
training program (i) engages the upper body to build core stability and strengthen the muscles affected by cancer treatment, and
relieves muscle tightness via twist postures to facilitate continual practice in increasing the extent of shoulder movement, and (ii)
applies a gradual progression schedule that is adjusted according to the abilities and limitations (for example, arm pain during
practice) of women with breast cancer to ensure the safety and effectiveness of practice.

Recent reviews have noted that resistance or weight-lifting exercise is safe for breast cancer patients to perform [40,41]. However,
such patients are typically advised to avoid vigorous, repetitive, or excessive upper limb exercise, given the risk of breast
cancer-related lymphedema [42]. This has led to a fear that such exercise exacerbates upper limb functional impairment, resulting in a
dilemma when recommending exercise for women with breast cancer. In contrast, our tailor-made yoga program based on stabilization
of upper-body training and a gradual progression schedule appears to effectively balance the risks and benefits of upper limb exercise
in women with breast cancer.

4.3. Effects on sleep quality

Sleep and mood disturbance are bidirectionally influenced. Lengthened sleep latency, represented by difficulty falling asleep, may
be caused by hyperarousal of the body due to anxiety and stress. Meanwhile, mood disturbances may be exacerbated by sleep
disturbance. Recent HRV-related literature suggests that yoga improves “self-regulation” of the body through regulating the limbic
system brain network that is associated with the autonomic nervous system [43]. Yoga practice may enhance parasympathetic tone
and is associated with calm mental state [44]. The expected direction of the HRV after yoga intervention would be the enhancement of
the vagal tone which was represented by the contribution of parasympathetic nervous system to cardiac regulation and could be
reflected by the increase of HRV (RMSSD) index. Consistent with the aforementioned findings, the YG showed significantly better HRV
(RMSSD) than the CG (yoga: 34.33 ms; control: 25.63 ms) at post-intervention, although this improvement was not maintained at
follow-up. This suggests that the intervention helped with emotional regulation, which is supported by the fact that the YG exhibited
an 18 % decrease in anxiety (as measured by the HADS-C anxiety subscale) from baseline to 1-month follow-up. Controlled yogic
breathing and meditative practice may help to restore homeostasis through regulatory activation of the autonomic nervous system and
modulate the circadian sleep-wake cycle, thereby adjusting sleep architecture and decreasing sleep latency [45,46]. The mechanisms
by which yoga training alleviates sleep problems are not fully understood, but our findings demonstrate that yoga training may
improve sleep quality. This may be attributable to the components of yoga, namely (i) meditation, which helps an individual to achieve
a deep state of psychological rest by harmonizing the body and mind, which could modulate physiological and biomedical functions
and thereby mediate sleep [47], and (ii) yoga postures, which help to activate exercise-induced body temperature regulation function
and energy consumption [48], and melatonin secretion [49].

4.4. Effects on psychosocial symptoms and health-related quality of life

Inconsistent with previous studies [50,51], our tailor-made yoga training program did not have significant effects on anxiety,
depression, and fatigue in the YG. This might have been because the effect size of yoga training was not high (e.g., Cohen’s d > 0.80)
and was therefore not detectable in our small sample. It might also have been because the YG comprised middle-aged women (the
mean age of the YG was 48.63 years) with a low level of fatigue (active members of local self-help groups) and mood disturbance
(HADS-C depression domain score <8). Thus, the potential benefits of our tailor-made yoga program on fatigue and mood disturbance
were not reflected in the present study. Therefore, a large sample size trial including participants with severe mood disturbance and
fatigue was warranted to further investigate the effects of our tailor-made yoga program on these psychosocial symptoms.

The health-related quality of life in the YG was improved in line with the improvement in upper limb motor function as reflected by
the improved arm symptoms. It appeared that the above-mentioned improvements in the YG were due to changes in the domains of
functional and social well-being. This is consistent with our hypothesis that improvements in upper limb function and sleep quality
realized by yoga training lead to improvements in quality of life. Furthermore, the improvements in social well-being in the YG may be
attributable to mutual support derived from group participation in yoga practice.

5. Limitations

This study has several limitations. First, the participants were women with breast cancer in primary stage I-III and those had
finished cancer treatments more than 1 month. They were recruited from a self-help group and were rather socially active. Thus, our
findings may not be generalizable to those women with breast cancer who do not meet our inclusion criteria. Moreover, the effects of
yoga intervention might not be detected in the present study due to small sample size. To increase generalizability, large-scale future
studies may include women with advanced-stage breast cancer, those with metastasis or recurrence, and those concurrently under-
going cancer-related treatments. Second, we did not record the symptoms of post-menstruation complications (e.g. hot flashes and
night sweats) induced by hormonal therapy. This might have confounded the results, especially as psychosocial outcomes are highly
associated with vasomotor symptoms. Third, we only included subjectively reported sleep outcomes, objectively assessed sleep
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parameters (e.g. actigraphy measurement) may reveal different results. Fourth, there may be the potential issue related to therapist
effect not being identified as only a single instructor was included in this study. To ensure the intervention fidelity in future trials, yoga
instructors will be instructed to adhere the intervention protocol, and video recording of the intervention sessions will be implemented
to monitor consistency in intervention delivery among groups. Fifth, we did not investigate the long-term maintenance effects of the
intervention. Therefore, we recommend that a large-scale RCT be performed to investigate whether our yoga program has long-lasting
positive effects on women with breast cancer. Given the different time-points of measurements in this pilot study, it provided insights
into the speed and progress of the intervention on the outcome variables. For instance, we found significantly improved shoulder
muscle strength and arm symptoms after 4 weeks of yoga intervention. In contrast, we found significantly improved sleep latency after
8 weeks of yoga intervention. It provided insights for studies to design interventions for improving the upper limb strength, arm
symptoms and sleep of women with breast cancer. Finally, the findings of the present study shall be interpreted in cautious. The small
sample size of the present study may over- or under-estimated the effects of our tailor-made yoga intervention.

6. Conclusion

This pilot study suggests that our tailor-made yoga program is a feasible and well-accepted supportive therapy for the rehabilitation
of women with breast cancer. Despite there was no significant improvement in upper limb function, our participants demonstrated
improved sleep latency and upper limb muscle strength after the yoga program. Therefore, a large-scale RCT is warranted to further
examine the effects of our tailor-made yoga protocol in women with breast cancer.
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