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Abstract

Purpose—Reviews of yoga research that distinguish results of trials conducted aduring (versus
after) cancer treatment are needed to guide future research and clinical practice. We therefore
conducted a review of non-randomized studies and randomized controlled trials of yoga
interventions for children and adults undergoing treatment for any cancer type.

Methods—Studies were identified via research databases and reference lists. Inclusion criteria:
(1) children or adults undergoing cancer treatment; (2) intervention stated as yoga or component of
yoga; and (3) publication in English in peer-reviewed journals through October 2015. Exclusion
criteria: (1) samples receiving hormone therapy only; (2) interventions involving only meditation;
and (3) yoga delivered within broader cancer recovery or mindfulness-based stress reduction
programs.

Results—Results of non-randomized (adult: n=8, pediatric: n=4) and randomized controlled
trials (adult: n=13, pediatric: n=0) conducted during cancer treatment are summarized separately
by age group. Findings most consistently support improvement in psychological outcomes (e.qg.,
depression, distress, anxiety). Several studies also found that yoga enhanced quality of life, though
further investigation is needed to clarify domain-specific efficacy (e.g., physical, social, cancer-
specific). Regarding physical and biomedical outcomes, evidence increasingly suggests that yoga
ameliorates sleep and fatigue; additional research is needed to advance preliminary findings for
other treatment sequelae and stress/immunity biomarkers.
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Conclusions—Among adults undergoing cancer treatment, evidence supports recommending
yoga for improving psychological outcomes, with potential for also improving physical symptoms.
Evidence is insufficient to evaluate the efficacy of yoga in pediatric oncology. We describe
suggestions for strengthening yoga research methodology to inform clinical practice guidelines.
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Worldwide, more than 14 million people are diagnosed with and more than 8.2 million
people die from cancer each year [1]. Behavioral risk factors such as high body mass index
(BMI), tobacco use, physical inactivity, unhealthy diets, and excessive use of alcohol
contribute to cancer etiology, progression and outcomes [1-3]. Moreover, chronic stress and
depression can have direct and indirect effects on cancer by changing biology and
influencing behaviors [4-6].

Cancer diagnosis and treatment can also increase distress and cause biomedical sequelae
such as pain, sleep disturbances, fatigue, nausea/vomiting, and chemotherapy-induced
immunosuppression. Some consequences of cancer are temporary, but many persist, leaving
patients to manage them long term. Further, these effects increase patients’ vulnerability to
other illnesses. To manage these effects, people may use mind-body practices such as yoga,
which is one of the most frequently used complementary modalities among men and women
with cancer in the United States [7-9].

Psychophysiological Rationale for the Use of Yoga during Cancer
Treatment

Stress can have extensive physiologic effects [10], including telomere shortening, increased
inflammatory cytokines and decreased cell-mediated immunity, which are associated with
increased cancer risk and poorer cancer-related outcomes [4, 11-13]. Although stress may
not directly cause cancer, it can promote cancer growth and progression through
neuroendocrine pathways (e.g., sympathetic nervous system, hypothalamic-pituitary-adrenal
axis) that increase inflammation, promote angiogenesis, reduce anoikis, and decrease the
efficacy of chemotherapy [4, 6, 14]. Biobehavioral interventions such as yoga therefore have
the potential to improve cancer outcomes by decreasing stress and disrupting its effects on
cancer biology [4, 11, 15].

Previous reviews assessing the potential for yoga to benefit cancer survivors have not
differentiated people receiving active cancer treatment from post-treatment survivors
[16-18]. Initial attempts to examine the efficacy of yoga during cancer treatment versus post-
treatment survivorship remain inconclusive [19]. Therefore, the need remains for research to
evaluate the role of yoga during distinct phases of cancer survivorship [16, 20]. This review
thus focuses specifically on people during cancer treatment.
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To identify trials of yoga for people undergoing cancer treatment, search terms including
yoga, cancer and related/Medical Subject Headings terms (e.g., neoplasm) were entered in
CINAHL, MEDLINE, PsycINFO, and PubMed. Reference lists of identified articles were
used to find additional relevant reports. Inclusion criteria were: (1) sample including
children or adults undergoing cancer treatment; (2) intervention stated as yoga or component
of yoga; and (3) published in English in peer-reviewed journals, through October 2015.
Exclusion criteria included: (1) samples receiving hormone therapy only; (2) interventions
involving only meditation; and (3) yoga delivered as part of a larger cancer recovery or
mindfulness-based stress reduction program. Results of non-randomized studies (Table 1)
and randomized controlled trials (RCTs) are summarized separately (Table 2). Details of
each yoga intervention protocol are summarized in Table 3.

Pediatric Studies: Non-Randomized Trials of Yoga during Cancer Treatment

No RCTs of yoga during cancer treatment in pediatric samples have been published. Only
four single-arm pilot studies have been published in pediatric oncology [32-35]. Participants
included a mean of 10 children with heterogeneous cancer diagnoses. All studies included
parents/caregivers as yoga participants [32-34] and/or proxy respondents [32-33, 35].

Intervention Characteristics—Two pediatric studies used specific styles of yoga [33,
34]; two did not specify yoga style. All four included multiple yoga components, such as a
combination of movements, breathing, relaxation and meditation. However, none provided
detailed class sequences or treatment fidelity. Dose varied from a single 45-minute session to
8-24, 60-minute sessions, with 1 to 3 sessions per week, spread over 3-12 weeks. Three
interventions were implemented as group classes [33-35]; one study did not specify delivery
format [32]. None reported whether they provided instructions for home practice. Instructors
in all studies were trained in teaching yoga, though only two studies used instructors with
training specific to cancer or therapeutic yoga [33, 35].

Feasibility—Three of the four pediatric studies examined feasibility, attrition and
adherence. Recruitment rates ranged from 42% to 55% [32, 34-35]. The majority (90% of
children, 100% of adolescents) completed participation in the single-session study [34]. In
the study of a 3-week program, 10 of 11 participants met the a priori criterion for feasibility
(60% of sessions attended), and the median number of sessions attended was 9 [32].
Adherence to yoga sessions in the 12-week program was 55%, with 73% completing the
assessments; reasons for non-adherence included vacation and illness [33]. Participants
withdrew from multi-session trials for reasons such as time/scheduling conflicts and
disliking yoga or viewing it as “not “fast paced’ enough” [32, 35]. Two pediatric studies
specified that no adverse events related to yoga occurred [32, 35].

Outcomes—In two studies reporting on pediatric QOL, one documented statistically

significant improvement in physical function [33], and one reported c/inically important
differences on all QOL factors as rated by children and parents/caregivers [35]. Additional
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outcomes included statistically significant increases in children’s functional mobility,
flexibility, and physical activity [35] and statistically significant decreases in state anxiety
among adolescents and parents participating in yoga [34]. Qualitative data supported these
findings. Participants in pediatric studies described yoga as relaxing and helpful for
managing stress/anxiety [32, 34]. They additionally noted improved energy, sleep and mood,
decreased nausea, and reduced use of pain medication [32].

Adult Studies of Yoga during Cancer Treatment: Non-Randomized Trials (Table 1)

Participant Demographics—Nine adult non-randomized studies (Table 1) enrolled a
total A=155 (average A=17), primarily Caucasian (78%) and female (81%) participants
[21-29]. Various cancer types (e.g., lymphoma, gynecologic, breast, lung) and all stages (0-
IV) were represented. Treatments received while participating in yoga interventions included
chemotherapy (/7=61) and radiation (/#=40), when specified.

Intervention Characteristics—Seven interventions were based in a specific yoga style
or combination of yoga traditions (see Table 3). Most included multiple components of
yoga, such as movement, breathing, meditation, and/or yogic philosophy [21-22, 24, 26-29],
whereas two studies included only movements [23] or breathing [25]. Two studies also
included facilitated group discussions [21, 26]. Three of the nine articles presented specific
class sequences, and five indicated that movements were adapted to individual needs. One
study ensured treatment fidelity by using an intervention manual and reviewing videotaped
sessions [21].

Dose of yoga varied (i.e., ranged from 1-18 total sessions, 15-120 minutes, every 3 weeks to
3 sessions per week, duration 3-10 weeks). Five interventions were delivered as group
classes, and two included caregivers with patients; one occurred individually in the
chemotherapy chair. Five studies additionally provided instructions for practicing at home,
and one provided access to online classes.

Feasibility—Recruitment rates reported by five studies ranged from 16% (letters sent) to
74% (approached in person) [22, 26-29]. In another study, recruitment challenges prevented
study completion [24]. Seven studies reported attrition rates ranging from 8% (selected from
an ongoing yoga class) to 43% (selected from women receiving treatment), for reasons such
as traveling distance, change in interest, scheduling difficulties, and health issues [21-23,
26-29]. One study reported that those who completed the intervention had higher baseline
levels of fatigue than those who withdrew, suggesting that symptoms may motivate
participation [21]. Conversely, physical function at baseline was marginally significantly
worse among patients who withdrew versus those who completed another study [27].

Seven studies with a range of 1-10 planned sessions reported adherence to in-person yoga
sessions ranging from 59-88% [21, 24, 26-29]. Particularly high adherence rates were
achieved in studies that included family caregivers [27-28] or a group discussion component
[21, 26]. Five studies also described adherence to home practice, which varied widely. For
example, in a case study of four women, home adherence was bimodal, with two participants
at 80% adherence and two participants under 50% [24]. Studies measuring home practice by
number of occurrences reported means between 2-3, range 0-9 [26-28], while another study
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described home practice as an average of 21 minutes per day [21]. In the five studies that
assessed satisfaction with yoga, mean satisfaction ratings were high (i.e., >=9/10), and the
majority rated yoga as useful or helpful [21-22, 26-28].

Outcomes—The nine non-randomized adult trials reported on a variety of outcomes
including quality of life (QOL) and mental, physical, and spiritual health. Because these
studies typically lack comparison groups and adequate power to detect statistically
significant changes, outcomes provide preliminary data on effects of yoga that warrant
further examination in fully-powered trials. In this early phase of study, effect sizes
(indicators of clinical significance; e.g., Cohen’s d- < 0.2 small, < 0.5 medium, < 0.8 large)
and qualitative data are especially informative [30-31].

Statistically and/or clinically significant improvements in mental health included anxiety,
depression, mood, negative affect, relaxation and overall mental health [22, 27-29], which
were further corroborated by qualitative feedback [22, 24, 28]. Additional qualitative
findings included improvements in cognition, benefit finding, spiritual well-being, social
support, self-efficacy and coping [21-24, 28].

Physical health significantly improved in terms of physical QOL, fatigue, invigoration,
most-bothersome symptom, and upregulation of genes involved in immunity [22-23, 25].
Qualitative reports supported these findings and suggested increased strength, relief of
tension, physical invigoration, and use of yoga in other situations (e.g., when trying to sleep,
during medical testing) [22-24]. In addition, yoga demonstrated a medium effect size and a
dose-response effect on sleep [27-28].

Adult Studies of Yoga during Cancer Treatment: Randomized Controlled Trials (Table 2)

Participant Demographics—Thirteen randomized studies (Table 2), reported in 23
manuscripts, were reviewed with a total /= 1022, including /7= 504 assigned to yoga and
=518 assigned to a control group [36-58]. Studies were relatively small, averaging 39
participants per study (range 8-84) assigned to yoga, and included mostly women with
breast cancer (n=927; 91%). Age of participants ranged from 18-79. Only 5 studies
reported participants’ race/ethnicity, with 51% Caucasian, 25% African American, 18%
Latino, 2% Asian, and 4% other or unspecified race participants [40, 42-43, 47, 58]. RCTs
that specified participants’ cancer stage included the following: DCIS (n=28), | (n=170),
Il (n=243), Il (n=186), and IV (= 68). Treatments received while participating included
surgery (n=121), chemotherapy (n= 239), radiation (r7= 660), and unspecified medical
treatment (/7= 164).

Intervention Characteristics—Among studies that described yoga style, three were
based in general yoga traditions and six used a specific style of yoga (see Table 3). Most
adult RCTs included a combination of yoga components, such as movements, breathing, and
meditation. Three studies omitted yoga movements; two focused solely on breathing, while
another featured breathing, concentration and an intention to manage uncertainty and fear
[39, 43-46].
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Dose, where specified, varied from 7-18 sessions, lasting 60-90 minutes each session, with 1
session per day to 3 sessions per week, spread over 1-12 weeks. Six studies delivered yoga
in group classes [38, 41-42, 44-47, 57], five in one-on-one sessions [40, 43, 48-52, 54-56,
58], and two did not specify the format [36, 39]. Most (9 of 13) provided audio or printed
materials for home practice. Few studies provided information about the qualifications of the
yoga instructors delivering their intervention (see Table 3), and only one reported using an
instructor with cancer-specific yoga teacher training [42].

Feasibility—Across three studies, attrition averaged 20% prior to or immediately after
randomization (i.e., before beginning yoga classes) [40, 43, 58], but one trial reported 56%
attrition immediately following randomization among participants assigned to yoga [37]. In
studies with sufficient information to compare, attrition was greater among yoga participants
in two studies [37, 47], among control participants in three studies [38, 48-49, 51-52, 54-56],
and approximately equal across groups in four studies [41-43, 58]. Two trials reported 100%
completion [39, 57].

Although participants’ satisfaction with the yoga interventions was reported by only two
studies, perceived benefits and enjoyment were generally high [41-42]. With the exception
of three studies [41-42, 47], most reported high levels of adherence (>70% completing the
majority of classes). Rates of home practice, when reported, were variable. In a trial of
pranayama, participants averaged 3.2 hours per week of home practice [43]. In studies
including movement, up to 19% did not engage in home practice, while more than half
practiced at home at least 3 days per week [40, 44-47].

Outcomes—Several of the 13 RCTs demonstrated significant improvements in yoga
participants’ mental health, including positive and negative affect, distress, depression, and
anxiety [38, 42-46, 48-49, 52-56]. Yoga participants, compared to controls, also reported
significantly better emotional, mental, social, physical, and general QOL [42-43, 48].
Although outcomes such as self-esteem, spiritual well-being and cognitive function were
measured infrequently, yoga participants reported favorable results in these domains as well
[42, 44-47, 56].

Regarding physical and biomedical outcomes, yoga participants had better self-reported
health than controls in two studies, including the only trial with an active control group [40,
58]. Treatment-related side effects, including sleep, fatigue, pain, appetite loss, nausea and
vomiting, sequelae-related distress, and toxicity, improved among yoga participants in
several studies [39, 41, 48-49, 52, 54, 57]. One study documented better post-operative
outcomes, including decreased drain retention, earlier suture removal, and shorter
hospitalization, among yoga vs. control participants [51].

Two studies examined stress hormone regulation. Compared to controls, yoga participants
had lower 6:00 am and mean pooled levels of salivary cortisol [54-56] and a steeper cortisol
slope [58], which may predict improved survival [59-60]. In the other two studies
investigating physiologic results, yoga participants demonstrated a favorable immune
response (i.e., serum immunoglobulins and lymphocytes, TNF-alpha) [51-52] and decreased
DNA damage [38, 51-52].
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Discussion

Summary and Limitations

Among children undergoing cancer treatment, only four single-arm pilot studies of yoga
have been published. Initial findings from these non-randomized trials support the
feasibility, safety and potential efficacy of yoga in pediatric oncology. However, its
effectiveness cannot be determined until more rigorous trials are conducted (e.g., RCTs,
larger sample sizes).

Nine non-randomized studies and 13 RCTs have examined the effects of yoga for adults
undergoing treatment for cancer. Results from both non-randomized and randomized trials
most consistently support the efficacy of yoga to improve psychological outcomes such as
depression, distress, and anxiety. Several studies, particularly RCTs, also documented
improved QOL among yoga participants, though further investigation is needed to clarify the
efficacy of yoga for different types of QOL (e.g., mental, social, physical, cancer-specific)
and for spiritual well-being. Researchers less frequently reported physical and biomedical
outcomes, though it is unknown whether this stems from a tendency not to measure these
outcomes or not to publish null findings. In both non-randomized trials and RCTs, sleep and
fatigue were the most commonly measured non-psychological outcomes, generating a
growing body of evidence that yoga ameliorates sleep and fatigue among people undergoing
treatment for cancer. Additional studies are needed to advance preliminary findings for other
effects of treatment (e.g., nausea, surgical outcomes, cognitive function) and biomarkers of
stress and immunity.

Findings are constrained by multiple limitations of previous research samples and methods.
For example, the vast majority of studies have relied exclusively on self-reported measures.
In addition, with only a few exceptions, samples predominantly include females with breast
cancer. People with Stage IV cancer of any type are rarely included in yoga trials, despite the
fact that yoga may be gentle enough for individuals with advanced disease and potentially
affect important outcomes (e.g., distress, QOL).

Generalizability is further limited by variability in intervention protocols. Most studies
combined several elements of yoga (e.g., movement, breathing, meditation), but intervention
delivery (e.g., group vs. individual; instructor-delivered vs. home practice) and dose of yoga
(i.e., frequency, duration) have varied widely among studies, as have retention and adherence
rates. The amount of yoga practice needed to yield effects therefore remains unknown. In
some studies yoga participants improved on outcomes such as psychological distress, fatigue
and immunity while the waitlist control group worsened [38, 51, 57]. However, only two
studies included an active control group [44-46, 58]. As a result, “active ingredients” (e.g.,
movement, breathing) cannot be distinguished from non-specific, but potentially effective,
components of yoga interventions (e.g., social support, attention).

Recruitment methods and other elements of study design may also affect participation,
outcomes and generalizability. For example, enrollment and retention rates may be
especially high when sampling from people already enrolled in yoga classes. Researchers
have rarely published details of their yoga teachers’ training and experience specifically with
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people with cancer, although these factors may influence participants’ adherence and
efficacy of interventions. Information about studies’ treatment fidelity efforts also is scant,
compounding the difficulty of interpreting and applying results.

Despite these limitations, studies have demonstrated that yoga is likely to benefit adult
cancer patients during active treatment. Moreover, no studies reported any adverse events of
practicing yoga during treatment. Thus, there is sufficient evidence to recommend yoga to
adults undergoing cancer treatment, especially women with breast cancer [61].

Future Directions

Although the number and quality of studies of yoga for cancer patients have increased
recently, more rigorous methodology is still needed to advance the science in this field.
Guidelines are available for developing yoga interventions for use in RCTs; researchers
should consider the rationale for selecting the yoga style, dose, components, sequence,
modifications, instructors, and home practice, as well as the measurement of intervention
fidelity [62]. Developing criteria for reporting on these interventions and other elements of
study methodology, similar to the STRICTA framework for acupuncture research [63],
would further improve the interpretation and applicability of yoga research findings. We
additionally offer suggestions below for improving the following elements of yoga research:
(1) sample selection; (2) recruitment, retention, and adherence; (3) research design; and (4)
inclusion of objective and novel measures. We conclude with the suggestion to examine
yoga as more than a combination of movement, breathing and relaxation, but rather as a
broader lifestyle intervention.

Based on this review, future studies of yoga for people undergoing cancer treatment should
consider several suggestions for improving the sample selection. First, yoga research with
pediatric and adolescent oncology patients is scant, but existing feasibility data and
preliminary outcomes indicate that more trials with younger age groups are warranted. As
yoga research with pediatric oncology samples expands, it is important to ensure these
studies explore the clinical implications of developmental and familial components (e.g.,
young children vs. adolescents; inclusion of siblings or parents) that may influence
outcomes.

Regardless of patients’ age, offering yoga to all may be useful for buffering treatment
effects. However, given the differing adverse effect profiles of various cancer treatments,
better specification of the efficacy of yoga for improving outcomes and decreasing symptom
burden will require study samples with limited heterogeneity of treatment types or with
power to examine treatment type as a moderator. Furthermore, future work should consider
eligibility requirements that select participants with a demonstrated clinical need — for
example, a minimal level of symptoms (e.g., distress, fatigue, cognitive impairment) or a
history of depression or anxiety. This targeted approach to recruitment may enhance our
understanding of the efficacy of yoga for treating specific symptoms and help reach those
most in need, thereby maximizing the limited funding available for this type of program.

Barriers to recruitment, retention, and adherence include difficulties with scheduling and
travel, changes in interest or symptoms, and health issues [21-23, 27, 29]. Studies suggest
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that symptoms or health concerns can both promote and inhibit participation. When
designing studies of yoga for people undergoing cancer treatment, flexibility of design and
scheduling may be needed to accommodate patients’ treatment-related symptoms and other
competing demands (e.g., medical appointments). For example, interventions could include
inpatient, outpatient, and home-based alternatives [35, 64]. Offering yoga from home via
technologies such as multi-point videoconferencing could increase patients’ access to
cancer-specific yoga classes with a qualified instructor and with others in treatment.
Including a family member in yoga interventions may also facilitate recruitment and
retention of cancer patients, in addition to improving caregivers’ health and well-being [21,
24, 27-29]. Finally, some evidence suggests that participants practice yoga in other settings
(e.g., during medical tests) and that outcomes improve with increased engagement in yoga
[22, 24, 47]. Therefore, carefully documenting adherence to instructor-led and autonomous
practice is essential for understanding the dose and potential efficacy of yoga interventions,
as well as the minimum amount of in-person instruction patients need to practice yoga safely
on their own.

From the biomedical perspective, the ideal research design is a randomized, double blind,
placebocontrolled trial, but double-blinded trials of mind-body interventions are challenging.
Using an activity that has face validity as the active control can at least blind participants to
whether or not they are in the “real” intervention. For example, a single-blinded RCT of tai
chi vs. wellness education plus stretching for people with fibromyalgia was presented to
participants as a study examining the effects of two different kinds of exercise [65]. Studies
without an active control group (i.e., wait-list control studies) cannot attribute results
specifically to yoga because non-specific aspects of the intervention (e.g., attention, social
support) may confer some benefit. Moreover, including a third group of participants
receiving usual care [58] can help to determine whether practicing yoga during cancer
treatment can prevent or buffer the negative side effects of treatment.

While self-reported outcomes remain important, future studies of yoga during cancer
treatment should incorporate more objective measures (e.g., pro-inflammatory cytokines,
cortisol, heart rate variability, actigraphy, genomic and epigenetic measures). Qualitative
results suggest point to additional constructs that may be important to quantify in future
studies; for example, participants have described improvements in coping, self-efficacy, self-
compassion, relief of tension, physical and mental strength/invigoration, and social support
[21-24, 34]. Cognitive function is another important and relatively unexplored potential
benefit of yoga for cancer patients, which can be assessed with objective behavioral and
neuroimaging measures. Finally, research has not yet determined whether yoga interventions
influence healthcare utilization and costs. Examining these bottom-line outcomes could
provide data to support incorporating yoga into clinical settings [66].

Clinical Implications and Conclusions

The current evidence is sufficient to recommend yoga to adults undergoing cancer treatment,
particularly women with breast cancer [61, 70]. Results from existing studies suggest that
yoga will lead to improvements in or buffer treatment-related changes in mental health,
fatigue, sleep quality, and other aspects of quality of life. Support for additional benefits may
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become apparent with further research. Treatment-related symptoms and stress may
motivate some people with cancer to participate in yoga [7, 21], and barriers to participating
in yoga during cancer treatment may be lower than other types of exercise [9]. Some
research shows an association between frequency in in yoga participation and improved
outcomes [e.g., 27-28]. As such, reducing barriers by offering variable class schedules and
formats, incorporating the use of novel technologies, and including family members is
recommended. Notably, none of the trials in this review reported any adverse events.
Therefore, compared to higher-impact forms of exercise, yoga may be especially safe and
appealing to people receiving cancer treatment.

In conclusion, research has demonstrated that yoga interventions can improve psychological
distress, QOL, physical function, and some biological outcomes among adults receiving
cancer treatment. However, the potential for yoga to benefit people with cancer may not
have been fully captured yet. Yoga theoretically extends beyond the elements that most
studies include (i.e., movement, breathing, meditation). Its broader philosophy and approach
may influence healthful living as a whole (i.e., food choices, exercise, life purpose,
relationships). Initial studies suggest that holistic lifestyle interventions have great potential
for integration with biomedical cancer treatments [67-68]. Cancer survivors tend to live
longer after diagnosis if they have normal BMI, are physically active, eat a primarily plant-
based diet, abstain from tobacco, avoid harmful use of alcohol, and are not depressed [1-3,
14, 69]. Future research therefore could examine whether a comprehensive yoga approach
facilitates these outcomes, thereby helping people manage side effects of cancer treatments,
improving clinical outcomes, and perhaps extending and enhancing survival.
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