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Abstract

Background—Sixty percent of cancer survivors are 65 years of age or older. Cancer and its 

treatments lead to cancer-related fatigue and many other side effects, in turn, creating substantial 

global side-effect burden (total burden from all side effects) which, ultimately, compromises 

functional independence and quality of life. Various modes of exercise, such as yoga, reduce 

cancer-related fatigue and global side-effect burden in younger cancer survivors, but no studies 

have specifically examined the effects of yoga on older cancer survivors.
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Objectives—The purpose of this study was to assess the effects of a 4-week yoga intervention 

(Yoga for Cancer Survivors: YOCAS©®) on overall cancer-related fatigue, and due to its 

multidimensional nature, the subdomains of cancer-related fatigue (general, physical, emotional, 

and mental) and global side-effect burden in older cancer survivors.

Materials and Methods—We conducted a secondary analysis on data from a multicenter phase 

III randomized controlled clinical trial with 2 arms (standard care and standard care plus a 4-week 

YOCAS©® intervention). The sample for this secondary analysis was 97 older cancer survivors (≥ 

60 years of age), between 2 months and 2 years post-treatment, who participated in the original 

trial.

Results—Participants in the YOCAS©® intervention arm reported significantly lower cancer-

related fatigue, physical fatigue, mental fatigue, and global side-effect burden than participants in 

the standard care arm following the 4-week intervention period (p<0.05).

Conclusions—YOCAS©® is an effective standardized yoga intervention for reducing cancer-

related fatigue, physical fatigue, mental fatigue, and global side-effect burden among older cancer 

survivors.
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INTRODUCTION

Cancer is largely a disease affecting older adults [1]. Seventy-two percent of cancer 

survivors are 60 years of age and older [1]. Cancer treatments lead to a number of side 

effects in older adults including cancer-related fatigue and global side-effect burden (an 

aggregate indicator of the summative impact of all side effects stemming from cancer and its 

treatments including both total number and severity). High levels of cancer-related fatigue 

and global side effect burden lead to functional decline [2–4]. Although side effects can be 

detrimental to the physical and psychological functioning of all cancer survivors, older 

cancer survivors, due to additional age-related declines, may have more difficulty recovering 

from treatment-related side effects [3]. In addition, aging in the absence of a cancer history 

is associated with a decline in physical and psychological function, including sarcopenia, 

reduced strength,5 reduced bone mineral density [6], lower functional capacity [7–8], 

arthralgias [9], depressive symptoms [10], anxiety [11], and cognitive difficulties [12]. 

Cancer and its treatments can exacerbate these common decrements in function and lead to 

additional impairments [3, 13–14]. Cancer survivors also report engaging in less physical 

activity and lower levels of physical activity associated with reduced functional ability than 

those without a history of cancer [15].

Exercise interventions have been deemed beneficial for improving a number of outcomes in 

cancer survivors. Yoga, a specific type of exercise, has been found to improve a number of 

outcomes in cancer survivors including cancer-related fatigue, insomnia, depression, hot 

flash severity, joint pain as well as other side effects [16–21]. To date, however, no research 

has focused on using a yoga intervention to reduce cancer-related fatigue and global side-

effect burden in older cancer survivors, despite the promising outcomes of trials conducted 
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in cancer survivors who are younger. It is imperative to develop safe and feasible 

interventions that improve cancer-related fatigue and global side-effect burden that meet the 

unique needs of older cancer survivors so they can recover effectively and resume normal 

lives following cancer treatments [22]. Therefore, the purpose of this study was to perform a 

secondary analyses from a previously published clinical trial to assess the effects of a 4-

week yoga intervention (Yoga for Cancer Survivors: YOCAS©®) on cancer-related fatigue 

and global side-effect burden in older cancer survivors [16]

MATERIALS AND METHODS

Study Background

A large, multi-site, randomized controlled trial to assess the efficacy of YOCAS©® for 

improving sleep quality and cancer-related fatigue and quality of life in cancer survivors 

experiencing persistent sleep disturbance was conducted through the University of 

Rochester Cancer Center (URCC) Community Clinical Oncology Programs (CCOP) 

Research Base. Twelve locations throughout the United States were used for recruitment of 

410 participants between 2007 and 2010. The ages of participants in the original study 

ranged from 26 to 99. This is a secondary data analysis of a subsample of older cancer 

survivors who participated in the original trial. Results from the original study have been 

published elsewhere [16].

Participants

For this post-hoc study, participants met the following criteria: a) consented and completed 

the parent study; b) were 60 years of age or older; c) provided evaluable data on the 

Multidimensional Fatigue Symptom Inventory – Short Form (MFSI-SF) [23] and Symptom 

Inventory [24]; d) diagnosis of any type of cancer; e) received standard treatment (surgery, 

chemotherapy, radiation therapy, or a combination) in the past; f) completed standard 

treatment between 2 and 24 months prior to enrollment; g) reported persistent sleep 

disturbance (≥ 3 on 11- point scale, with 0 = no sleep disturbance and 10 = worst possible 

sleep disturbance); and h) were able to read and understand English. Participants were 

excluded if they were regularly participating in yoga, defined as one or more sessions per 

week currently or in the past 3 months, if they had a confirmed diagnosis of sleep apnea or 

metastatic cancer, and if they were currently receiving standard cancer treatments defined as 

surgery, chemotherapy, or radiation therapy. Participants in both study arms underwent 

assessments twice during the study period: 1) during the week prior to the intervention 

period, and 2) during the week following the 4-week intervention period.

Intervention

Participants were randomized into one of two arms: 1) standard care, or 2) standard care 

plus the 4-week YOCAS©® intervention. Randomization was stratified by gender and 

baseline level of sleep disturbance. Stratification by level of sleep disturbance was 

determined by sleep disturbance self-report on an 11 point scale with 0 = no sleep 

disturbance and 10 = worst possible sleep disturbance. Participants were stratified in two 

levels: self-reported sleep disturbance scores of less than or equal to 5 or self-reported sleep 

disturbance scores of greater than 5. A cut-off of 5 was chosen because it was expected that 
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of those that qualified for the study with a self-reported sleep disturbance score of ≥3, many 

would not report sleep-disturbance scores closer to 10, equivalent to the worst possible sleep 

disturbance, but rather, near the middle of the 11-point scale. Therefore, we expected a cut-

off of less than or equal to 5 to leave us with about half of our participants falling below and 

half falling above that self-reported value for sleep disturbance. A computer-generated 

random numbers table with blocks of 2, for an allocation ratio of 1:1, was used to determine 

group assignment. Study coordinators recruited participants at the various CCOPs, obtained 

written informed consent from participants, and registered the participants individually using 

a website that generated a follow-up email which was sent to the URCC CCOP and the 

specific CCOP site from which the participant was recruited. The follow-up email included 

group assignment. The study coordinator was therefore blinded to group assignment until 

written informed consent was obtained. The principal investigator and the biostatistician at 

the URCC CCOP Research Base were blinded to study condition allocation. Cancer 

survivors were recruited in cohorts of 20 to 30 to allow for group participation in 

YOCAS©® sessions.

Participants assigned to the standard care plus the 4-week YOCAS©® intervention were 

expected to attend YOCAS©® sessions 2 days per week, each lasting 75 minutes, during the 

4 week intervention for a total of 8 sessions. Sessions were held in a group setting, in small 

regional cancer centers or yoga studios. No make-up sessions were offered. The YOCAS©® 

program is a standardized program that consists of breathing exercises, postures, and 

mindfulness exercises. The breathing exercises included slow, controlled, diaphragmatic 

breaths and breathing coordinated with movement. The postures included 16 gentle Hatha 

and Restorative yoga poses, of which there are seated, standing, transitional, and supine 

poses. The meditation exercises included meditation, visualization, and affirmation. 

Although the specific intensity of this standardized yoga intervention has not been 

established, hatha and restorative yoga are considered low intensity [< 3 metabolic 

equivalents (METs)] [25–26].

All instructors were Yoga Alliance Registered and underwent a 2-hour formal, intense 

training session with the study principal investigator. In addition, they were provided with a 

detailed instructor manual and DVD to standardize the intervention. Instructors were 

required to teach the classes exactly as described. They were not allowed to add or remove 

breathing exercises or postures; however, postures could be modified as needed. A study 

coordinator at each site performed a random, independent observation of sessions in order to 

verify the content was being taught as planned. Sessions were provided free of charge to 

participants.

Participants in the standard care control condition continued to receive follow-up care as 

needed from their oncologists and primary care providers. They received the same amount 

of contact time and attention from study staff, aside from attendance in the YOCAS©® 

classes, as those assigned to the YOCAS©® intervention arm, including contact time during 

the assessments and being given the opportunity to contact study coordinators throughout 

the study for any reason. Participants in the standard care control arm were offered the 

opportunity to participate in a 4 week YOCAS©® program following their participation in 

the study, free of charge.
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This study received approval from and the Institutional Review Boards at the University of 

Rochester and each of the participating sites. All participants provided written informed 

consent prior to participation.

Measures

Demographic and Medical Information—Clinical and demographic information was 

collected using On-Study Data/Participant Record and Clinical Record Information forms by 

the study coordinator. Race and ethnicity were categorized according to the National Cancer 

Institute Cancer Therapy Reporting Program criteria for clinical trials.

Cancer-Related Fatigue—Cancer-related fatigue was assessed using the MFSI-SF. The 

MFSI-SF is a 30-item scale developed specifically for cancer-related fatigue assessment. 

Respondents rate their level of cancer-related fatigue during the previous 7 days. The MFSI-

SF provides a total cancer-related fatigue score as well as subscales for the following 

domains: general, physical, emotional, mental, and vigor. Each of the 30 items is scored 

from 0 to 4, with 0=not at all and 4=a great deal. The subscale scores can range from 0 to 

24, with higher scores on the general, physical, emotional, and mental subscales indicating 

greater levels of cancer-related fatigue. The vigor subscale is reverse scored as higher 

responses on the vigor subscale indicate greater vigor. The total MFSI-SF cancer-related 

fatigue score can range from −24 to 96. The MFSI-SF has been psychometrically validated 

in a sample of 304 patients with cancer. It has been deemed reliable and valid in this 

population [27–28]. Participants completed the MFSI-SF at home during the baseline week 

and the post-intervention week.

Symptom Inventory—Global side-effect burden was assessed using the Clinical 

Symptom Inventory. The global side-effect burden score takes into account 12 side effects 

commonly experienced by cancer survivors during and following treatment. Side-effect 

severity for each of the following side-effects was rated, based on severity, on an 11-point 

scale with 0 = not present to 10 = as bad as you can imagine: pain, fatigue, nausea, sleep 

problems, feelings of depression, shortness of breath, memory loss, weight loss, hair loss, 

difficulty concentrating, hot flashes, and skin problems. The global side-effect burden score, 

which is the sum of the severity of all side-effects, can range from 0 to 120. The Symptom 

Inventory has been validated in numerous studies of patients with cancer [24]. Participants 

completed the Symptom Inventory at home during the baseline week and the post-

intervention week.

Adverse Events—Unexpected, serious, life-threatening and fatal adverse events were 

monitored using the Common Terminology Criteria for Adverse Events (CTCAE) version 

4.0 and reported to the URCC Data Safety Monitoring Committee.

Statistical Analyses

Analyses were performed with SPSS Version 19 and JMP Version 9. Clinical and 

demographic variables were examined using t-tests for continuous variables and chi-squared 

tests for categorical variables to determine means, standard errors, frequencies, and 

percentages, as appropriate, within and between the two YOCAS©® and standard care 
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groups. Analysis of covariance (ANCOVA) was used to compare mean cancer-related 

fatigue total and sub-domain scores at post-intervention by intervention arm (YOCAS©® 

versus standard care), controlling for age and baseline cancer-related fatigue total and sub-

domain scores, respectively. ANCOVA was used to compare the mean global side-effect 

burden at post-intervention by intervention arm, controlling for age and baseline global side 

effect burden. All analyses were conducted based on intent to treat.

RESULTS

Baseline Characteristics of Participants

See Figure 1, CONSORT Participant Diagram. A total of 97 cancer survivors were 60 years 

of age or older and included in this study. A majority of participants were white (98%), 

female (94%), and breast cancer survivors (65%). Participants also reported a history of 

hematologic (14%), gynecologic (6%), genitourinary (6%), lung (3%), gastrointestinal (3%), 

and brain (2%) cancers. The mean age of participants in each group differed with the 

standard care participants being slightly younger (64.81 versus 67.91 years of age, p = 0.02). 

See Table 1 for participant demographics and characteristics. There were no significant 

differences between participants in the YOCAS©® intervention arm and the participants in 

the standard care arm at baseline in cancer-related fatigue total score or on subdomain scores 

or global side-effect burden.

Attendance and Adherence

Attendance records showed the participants in the YOCAS©® intervention arm attended an 

average of 6.2 of the 8 sessions prescribed. Participants missed classes for reasons including 

having other commitments and traveling, among others. The average dose of yoga for over 

the 4-week intervention was 465 of 600 prescribed minutes.

Cancer-Related Fatigue

Following the 4-week intervention, participants in the YOCAS©® intervention group 

reported a significantly lower level of cancer-related fatigue as assessed using the MFSI-SF 

total score compared to participants in the standard care arm (p = 0.03). Participants in the 

YOCAS©® intervention arm also reported significantly less physical fatigue (p < 0.01), 

mental fatigue (p < 0.01), as assessed with the MFSI-SF subdomain scores. See Table 2 for 

cancer-related fatigue total and sub-domain scores by group.

Global Side-Effect Burden

Following the 4-week intervention, participants in the YOCAS©® intervention group 

reported a significantly lower level of global side-effect burden as assessed using the 

Symptom Inventory total score compared to participants in the standard care arm (p < 0.01). 

See Table 2 for global side-effect burden scores by group.

DISCUSSION AND CONCLUSION

This secondary data analysis provides evidence that a yoga intervention may be very both 

feasible and beneficial for older cancer survivors as a means to reduce cancer-related fatigue 
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and global side effect burden following cancer and its treatments. Older cancer survivors 

reported significantly less cancer-related fatigue and global side-effect burden following the 

4-week YOCAS©® intervention compared to participants in the standard care condition. 

Significant improvements were seen in cancer-related fatigue, the physical and mental 

domains of cancer-related fatigue, and global side-effect burden. These results provide a 

promising foundation from which to develop exercise interventions, yoga interventions 

specifically, that target the unique needs of older cancer survivors during and following 

treatment.

These results are especially promising due to the relative lack of evidence supporting the 

safety and efficacy of exercise interventions that target older cancer survivors. Cancer-

related fatigue and global side-effect burden can both lead to a reduction in functional 

ability. Older cancer survivors are at the greatest risk of experiencing a reduction in 

functional ability during and following cancer treatments, they are less likely to recover 

from the resulting functional declines, and these reductions in functional ability can 

ultimately lead to the inability for older cancer survivors to live independently. This 

investigation into the benefits of yoga for older cancer survivors builds on previous research 

that has provided evidence for beneficial outcomes resulting from yoga interventions in 

cancer survivors [17–21, 29–33]. Yoga has led to a number of improvements in cancer 

survivors, although not specifically in older cancer survivors, including reduced cancer-

related fatigue, sleep disturbances, depression, hot flash severity, and joint pain [16–21]. We 

can now conclude that yoga can improve cancer-related fatigue and global side-effect 

burden in cancer survivors 60 years of age and older.

Previous yoga interventions in cancer survivors have varied in a number of ways, including 

the specific type of yoga used and dose of yoga prescribed. Yoga interventions for cancer 

survivors have lasted from 10 days to 12 weeks and have been prescribed to cancer 

survivors during and following cancer treatment [29–33]. Many studies have used relatively 

small sample sizes, often including approximately 50 participants. The YOCAS©® 

intervention was specifically designed for cancer survivors and despite its relatively short 

duration of 4 weeks, resulted in improvements in cancer-specific outcomes. It is difficult to 

hypothesize how older cancer survivors may respond to other forms of yoga but future 

research using other safe and appropriate forms of yoga in this population is warranted. This 

investigation was unique as very few exercise intervention studies have focused specifically 

on older cancer survivors. In addition, our results provide evidence that older cancer 

survivors, like younger cancer survivors, can see significant improvements form even a low 

to moderate intensity intervention such as YOCAS©®.

Despite the promising results from this investigation, it is not without limitations. The large 

majority of participants were white, female breast cancer survivors who were relatively well 

educated, limiting generalizability. Participants and study coordinators were not blinded to 

the intervention arm. Participants were also aware of the outcomes of interest. A yoga 

placebo was not used in this study design. There is no way to ensure that the yoga 

instructors always led the yoga sessions exactly as planned. Additionally, participants were 

aware of the outcomes of interest because the informed consent included both the name of 

the study, alluding to the research hypothesis, as well as information specific to why the 
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study was being conducted. This investigation was not specifically designed with the 

primary aim of assessing the effects of the yoga intervention on cancer-related fatigue and 

global side-effect burden, nor was the original study designed to assess the effects of yoga 

on only those who were 60 years of age and older.

Strengths include the fact that we conducted a randomized clinical trial using a yoga 

intervention that is well described and can be scalable in many other settings. Participants 

reported enjoyment and satisfaction in participating and reported no adverse events as the 

intervention was well tolerated, feasible, and safe. This low to moderate intensity exercise 

intervention is effective in the segment of our cancer survivor population that is in the 

greater need of interventions that can improve functional capacity and prolong the ability to 

live independently than younger individuals due to the presence of more comorbidities and 

treatment side effect burden. Future intervention studies need to be designed to specifically 

address the unique needs of older cancer survivors.

In conclusion, our results indicate that YOCAS©®, which includes restorative and hatha 

postures, improves cancer-related fatigue and global side-effect burden in cancer survivors 

who are 60 years of age and older. It is one of the largest investigations to date into the 

effects of an exercise intervention on cancer-related fatigue and global side-effect burden in 

older cancer survivors, and to our knowledge, the only that has focused on yoga. Further 

randomized controlled trials are needed to determine the dose of yoga that is most beneficial 

for this population and to assess the effects of yoga on long-term outcomes such as the 

ability to live independently and even recurrence and survival rates in participants. Future 

studies should use a double-blind design and include a yoga placebo arm as a control 

condition.
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Figure 1. 
Consort Participant Diagram.
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Table 1

Participant Demographics and Characteristics

Variable
Yoga
(N=53)

Standard Care
(N=44) p-value

Female, n (%) 48 (91) 43 (98) 0.15

Age – yr. (mean ± standard error) 67.91 ± 1.05 64.81 ± 0.59 0.02

Race, n (%)

  White 52 (98) 43 (98) 0.89

  Other 1 (2) 1 (2)

Currently employed, n (%) 34 (64) 29 (66) 0.86

Marital status, n (%) 0.06

  Married/long-term relationship 34 (64) 31 (71)

  Divorced or separated 3 (6) 10 (23)

  Single 6 (11) 1 (2)

  Widowed 10 (19) 2 (4)

Education, n (%) 0.95

  Completed ≥ 4 years of college 28 (53) 21 (49)

  Completed < 4 years of college 15 (28) 13 (30)

  High school graduate 10 (19) 10 (23)

Cancer type, n (%) 0.11

  Breast 31 (58) 32 (73)

  Others 22 (42) 12 (27)

Cancer stage, n (%) 0.61

  Stage 0 3 (6) 3 (7)

  Stage I 15 (28) 22 (50)

  Stage II 16 (30) 11 (25)

  Stage III 10 (19) 6 (14)

  Stage IV 3 (6) 1 (1)

  Unknown 6 (11) 1 (1)

Previous treatment, n (%)

  Surgery 41 (77) 37 (84) 0.41

  Chemotherapy 30 (57) 25 (57) 0.98

  Radiation therapy 34 (64) 34 (77) 0.11
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Table 2

Cancer-related fatigue and global side-effect burden scores at post-intervention in participants who were 60 

years of age or older.

Variable
Yoga
(N=53)

Standard Care
(N=44) p-value

Total cancer-related fatigue   9.00 ± 2.22   14.50 ± 2.99   0.03

Cancer-related fatigue subdomains:

  General   6.91 ± 0.63   9.43 ± 0.88   0.06

  Physical   4.43 ± 0.52   6.65 ± 0.68 0.007

  Emotional   4.87 ± 0.60   4.91 ± 0.67   0.96

  Mental   4.79 ± 0.46   6.02 ± 0.66 0.006

  Vigor 12.00 ± 0.70 12.41 ± 0.73   0.26

Global side-effect burden 17.19 + 1.54 21.70 + 2.10 0.009
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