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A B S T R A C T

Objective: To evaluate the effects of yoga on health-related outcomes [i.e., physical function, mental health, and
overall quality of life (QOL)] of cancer survivors via a systematic review and meta-analysis of randomized
controlled trials (RCTs) over the past 5 years across cancer types.
Methods: An updated systematic review and meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses. RCTs published from January 1, 2018, to February
23, 2023, were searched in five English databases (PubMed, The Cochrane Library, ISI, PsycINFO, and CINAHL),
three Chinese databases (Wan Fang, China National Knowledge Infrastructure, and Chinese Biomedical Literature
Database), and three English clinical trials registry platforms (International Clinical Trials Registry Platform,
ClinicalTrials.gov, and EU Clinical Trials Register).
Results: A total of 34 RCTs were included in this updated review. Yoga benefited the physical function, mental
health, and overall QOL of cancer survivors. The effect size of yoga for most physical and mental health-related
outcomes was relatively small, but that for the QOL was generally large. The impact of yoga on the QOL of cancer
survivors ranged from moderate to high.
Conclusions: Yoga has health benefits for cancer survivors and could therefore be used as an optional supportive
intervention for cancer-related symptom management.
Introduction

Although cancer is a leading cause of death globally, advances in
cancer treatment continue to improve survival rates.1 The overall 5-year
relative survival rate for all types of cancer combined is 68%,1 resulting
in a steady increase in the number of cancer survivors. After active cancer
treatment, cancer survivors often experience numerous adverse disease-
and treatment-related outcomes, including pain, fatigue, insomnia, anx-
iety, and depression, which substantially affect their quality of life
(QOL).2,3 Evidence suggests that yoga effectively reduces some physical
and psycho-emotional symptoms and improves the QOL of cancer
survivors.4,5

Yoga was originally developed in Indian philosophy approximately
4000 years ago and has become a popular exercise for promoting phys-
ical andmental well-being in the general population.5,6 It is practiced as a
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mind–body therapy or an exercise that involves a combination of spiri-
tual practices, physical activities, breathing, and meditation.5,6 Yoga
practitioners focus their minds on specific postures with inner awareness
and a meditative focus. The health benefits of yoga include improve-
ments not only in physical function but also in mental health.4,5 The
mechanism proposed to explain the health benefits of yoga involves a
decrease in dysregulation within the sympathetic nervous system and the
hypothalamic–pituitary–adrenal axis through the body's stress respo
nse.7–9 Yoga can enhance the activity of the parasympathetic nervous
system and consequently reduce the level of the stress hormone
cortisol.10 This effect helps restore the existing autonomic nervous sys-
tem imbalance and reduce the allostatic load within stress response
systems to recover optimal homeostasis among yoga practitioners.8,10

Hence, cancer survivors are recommended to undertake yoga as a regular
exercise for improving their health.11,12
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Although a number of systematic reviews summarizing the available
evidence on the effects of yoga among cancer survivors exist, most ran-
domized controlled trials (RCTs) on yoga included in a recently pub-
lished systematic review were conducted in or before 2019.5,13–16 The
results showed that there is still a lack of strong evidence on the benefits
of yoga on symptoms (e.g., pain), physical functions (e.g., exercise ca-
pacity), and physiological changes (e.g., immune responses) in cancer
survivors.13–16 In recent years, more research has further explored these
benefits of yoga in more types of cancer survivors. An updated systematic
review and meta-analysis are needed to combine previous and current
evidence from comprehensive evaluations of yoga for cancer.

Therefore, this study aimed to evaluate the effects of yoga on health-
related outcomes including physical function, mental health, and overall
QOL of cancer survivors through an updated systematic review andmeta-
analysis of RCTs over the past 5 years across cancer types.
Fig. 1. Flow diagram of study selection. PRISMA, Preferred Reporting Items for
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Methods

This study was performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA).17 The
PRISMA flow diagram of study selection is shown in Fig. 1.

Search strategy

Parallel electronic searches for RCTs on yoga in adults with cancer
published from January 1, 2018, to February 23, 2023, were conducted
in five English databases (PubMed, The Cochrane Library, ISI, PsycINFO,
and CINAHL), three English clinical trials registry platforms (Interna-
tional Clinical Trials Registry Platform, ClinicalTrials.gov, and EU Clin-
ical Trials Register), and three Chinese databases (Wan Fang, China
National Knowledge Infrastructure, and Chinese Biomedical Literature
Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial.

http://ClinicalTrials.gov
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Database). The keywords and terms used in various combinations during
the search included “neoplasms*,” “cancer*,” “tumor*,” “malignan*,”
“carcino*,” “lymphoma*,” “adenocarcinoma*,” and “yoga.” The detailed
search strategy or search history is shown in Appendix 1.
Inclusion and exclusion criteria

The inclusion criteriawere as follows: (1) participants: adult (age> 18
years) survivors of any typeof cancer; (2) group: at least two: experimental
(yoga) group, which received any type of yoga as an intervention or yoga
plus other combined intervention, and control group, which received
usual care or the same intervention as the combined intervention in the
yoga group; (3) primary outcomes: physical function (e.g., exercise ca-
pacity), biological indicators [e.g., serum anti-inflammatory factor tumor
necrosis factor-α (TNF-α) level], cancer-related symptoms (e.g., pain,
sleep disturbances, and fatigue), and mental health-related outcomes
(e.g., anxiety and depression); secondary outcome: overall QOL; (4)
design: RCT; and (5) publication language: English or Chinese. The
exclusion criteria were duplicate publications, study protocols, theses,
reviews, ongoing studies, and conference abstracts.
Data extraction and quality assessment

The following data were independently extracted from eligible studies
by two reviewers (NN and RH) in accordance with the eligibility criteria:
author/s, publication year, cancer type, sample size, intervention-related
information, physical and mental health-related outcomes assessed, and
assessment time. The risk of bias was judged by two reviewers (NN and JZ)
using the Cochrane Collaboration's tool for risk of bias assessment.18 The
Joanna Briggs Institute (JBI) Levels of Evidence and Grades of Recom-
mendation tool was used to assess the quality of evidence. In the JBI evi-
dence grading system, the evidence level is divided into five levels from
high to low: level 1 to level 5.19 Any discrepancy was resolved through
discussion with a third author (JZ or YZ).
Data analysis

Review Manager version 5.4 (Cochrane Collaboration) was used to
generate pooled estimates of the effect size.20 Standardized mean dif-
ferences (SMDs) and mean differences (MDs) with their corresponding
95% confidence intervals (CIs) were used for comparisons. SMDs of <
0.4, 0.4–0.7, and > 0.7 reflect small, moderate, and large effect sizes,
respectively.20 Heterogeneity among the trials was assessed using the
Higgins I2 statistic and Q test. I2 values of � 50% and P values of < 0.1
were considered to indicate high heterogeneity of evidence, and the
random-effects model was used to evaluate the effects of the intervention
conservatively. Conversely, I2 values of< 50% and P values of> 0.1 were
considered to indicate low-to-moderate heterogeneity, and the
fixed-effects model was used. A sensitivity analysis was conducted to
explore the potential sources of heterogeneity. P values of < 0.05 were
considered statistically significant. Potential publication bias was not
evaluated, as fewer than 10 studies were included in the meta-analysis.
Individual study results that could not be pooled in the meta-analysis
were summarized qualitatively.

Results

A total of 1373 records were identified through electronic searches.
After exclusion of duplicates, 834 records remained. A preliminary
screening of titles and abstracts was then conducted in accordance with
the inclusion and exclusion criteria, yielding 52 remaining records. After
further evaluation of the full-text articles, 34 studies were finally
included (Fig. 1).
3

Characteristics of the included studies and levels of evidence

A total of 2552 cancer survivors were included in this review. The
sample size of each study varied from 20 to 358 participants. The dura-
tion of the interventions ranged from 5 days to 48 weeks. Table 1 shows
the characteristics of the included studies. The JBI evidence grading
system was used to assess the level of evidence. Overall, the level of
evidence among the studies was relatively high. Table 2 details the levels
of evidence.

Methodological quality of the included studies

The evaluation of methodological quality revealed that all studies
had a medium risk of bias. Owing to the nature of yoga, it was difficult
to achieve blinding of patients and interveners. Therefore, all perfor-
mance biases in the included studies were considered high risk.
Furthermore, the sources of the risk of bias were associated with
insufficient reports of randomization, allocation concealment, or eval-
uator blinding. Fig. 2 shows the results of the risk of bias assessment of
the included studies.

Effects of yoga on pain

Three studies21–23 reported the effects of yoga on pain 12 weeks after
the intervention. The heterogeneity among these studies was high
(P ¼ 0.08, I2 ¼ 61%), so a random-effects model was applied. The results
showed no significant difference between the two groups (n ¼ 144;
SMD ¼ �0.32; 95% CI ¼ �0.86, 0.22) [Fig. 3(a)]. However, the sensi-
tivity analysis suggested that the study by Porter et al23 had a large effect
on the heterogeneity. No heterogeneity was observed when this study
was removed (P ¼ 0.46, I2 ¼ 0%). There was a significant difference
between the two groups (n¼ 89; SMD¼ �0.58; 95% CI ¼ �1.01,�0.15;
P ¼ 0.008) [Fig. 3(b)]. The results were not stable, so the effects of yoga
on pain among cancer survivors after 12 weeks of intervention must be
verified bymore studies. The results of three studies22,24,25 were reported
qualitatively. Yang et al.24 observed that yoga relieved pain symptoms
significantly after 1 week of intervention. For the long-term effects,
Huberty et al.22 showed that yoga had moderate effects on reducing pain
at 16 weeks. Carson et al.25 demonstrated that practice sessions of longer
duration were related to lower daily pain levels within the yoga group.

Effects of yoga on sleep quality

Two studies26,27 reported the effects of yoga on sleep 4 weeks after
the intervention. No heterogeneity among these studies was found
(P ¼ 0.67, I2 ¼ 0%). The results revealed that yoga significantly
improved the sleep quality in cancer survivors 4 weeks after the
intervention compared with the control intervention (n ¼ 399;
SMD ¼ �0.2; 95% CI ¼ �0.4, �0.01; P ¼ 0.04) [Fig. 4(a)]. Six stud-
ies22,23,27–30 reported the effects of yoga on sleep 8 weeks after the
intervention. There was no heterogeneity among these studies
(P ¼ 0.87, I2 ¼ 0%). The meta-analysis showed that yoga significantly
improved sleep compared with the control intervention (n ¼ 251;
SMD ¼ �0.29; 95% CI ¼ �0.55, �0.04; P ¼ 0.02) [Fig. 4(b)]. Four
studies22,23,27,31 reported the effects of yoga on sleep 12 weeks after the
intervention. The heterogeneity among these studies was high
(P ¼ 0.003, I2 ¼ 78%), so a random-effects model was used. The results
showed no significant difference between the two groups (n ¼ 303;
SMD ¼ �0.00; 95% CI ¼ �0.55, 0.54; P ¼ 0.99) [Fig. 4(c)].

Effects of yoga on fatigue

Three studies26,27,32 reported the effects of yoga on fatigue 4 weeks
after the intervention. The heterogeneity was high among these studies



Table 1
Characteristics of included studies.

Author, year Participants Intervention Measurements Main outcomes Assessment time

Cancer type Sample size YG CG

Jain et al, 2023 Breast cancer YG: 42
CG: 40

Yoga, 30 min/session, 5 days/
week, 48 weeks

Usual care EORTC QLQ-C30; Serum
cytokines and oxidative stress
markers

Yoga significantly improved QOL
(P < 0.001) and reduced IFN-γ,
TNF-α and MDA levels (P < 0.05).

Baseline, 16, 32, and 48
weeks

Lu et al, 2023 Lung cancer YG: 36
CG: 34

Yoga breathing exercises,
20 min/session, twice a day,
9–14 days

Usual care BS; 6MWT; HADS; Thoracic closed
drainage time

Significant difference for dyspnea
and anxiety (P < 0.05) were found
in yoga group when compared to
the control group.

Admission, the day before
surgery, and discharge

Zhang et al, 2023 Lung cancer YG: 40
CG: 40

Yoga, 30 min/session, 2 days/
week, 8 weeks

Usual care PSS; SAS; SDS; PPQ Yoga group reported lower PSS,
SAS and SDS scores and higher
PPQ scores than control group
(P < 0.05).

Baseline, 8 weeks

Greaney et al, 2022 Breast cancer YG: 13
CG: 13

Yoga, 30 min/session, 3
times/week, the end of
treatment (12–20 weeks)

Usual care Weight change; FACT-G; Serum
cytokines

Control group increased weight
while yoga group lost weight
(P < 0.05). There was no
significance in QOL, TNF-α and
CRP between two groups.

Baseline and the end of
treatment

Kaushik et al, 2022 Prostate cancer YG: 12
CG: 14

Yoga, 60 min/session, 2
times/week, 12 weeks (6
weeks preoperatively and
postoperatively)

Usual care FACT-G; FACT-P; FACIT-F; EPIC;
Serum cytokines and immune cell
levels

Yoga significantly increased Fc
receptor III and IFN-γ expression
and decreased G-CSF and MCP-1
levels (P < 0.05).

Baseline (6 weeks
preoperatively),
immediately before
surgery, and 6 weeks
postoperatively

Knoerl et al, 2022 Breast, gastrointestinal,
and gynecological cancer

YG: 23
CG: 14

Yoga, 45 min/session, 8
weeks

Usual care BPI; PROMIS (pain interference,
sleep-related impairment, anxiety,
fatigue, depression and physical
function); QLQ-CIPN20

When compared to control group,
yoga showed significant
improvements in fatigue and
depression (P < 0.05).

Baseline, 8 weeks

Liu et al, 2022 Breast cancer YG: 68
CG: 68

Yoga, 90 min/week, 8 weeks Usual care HADS; PFS; BPI; FACT-B Significant difference for anxiety,
depression and QOL were reported
in yoga group when compared to
the control group (P < 0.05).

Baseline, 8 and 20 weeks

Naderi et al, 2022 Breast cancer YG: 10
CG: 10

Yoga plus a high dose of
vitamin D, 60–90 min/
session, 2 times/week, 12
weeks

A high dose of
vitamin D

Height, weight, and body fat
measurements; Handgrip strength
tests; EORTC QLQ-C30; Serum
cytokines

Yoga group demonstrated
significant improvements in body
fat percentage, handgrip strength
and QOL (P < 0.05). The level of
IL-10 was increased, while IL-6
expression level declined in yoga
group.

Baseline, 12 weeks

Sohl et al, 2022 Gastrointestinal cancer YG: 23
CG: 21

Yoga, four 30 min sessions,
practice daily, 14 weeks

Usual care PROMIS (fatigue, depression,
sleep disturbances); PSS; Serum
cytokines

Yoga found a larger reduction in
fatigue, depression and sleep
disturbances than control group.
Serum IL-6, sTNF-R1 levels were
lower than control group.

Baseline, 8, 10 and 14
weeks

Xing et al, 2022 Cervical cancer YG: 46
CG: 46

Yoga plus Clean intermittent
catheterization, 8 weeks

Clean intermittent
catheterization

Bladder function assessment;
QLICP-CE

Significant difference for recovery
time of self-urination, duration of
indwelling catheter, residual urine
volume, bladder neck mobility
and QLICP-CE (P < 0.0001) were
reported in yoga group when
compared to control group.

Baseline, 8 weeks

Carson et al, 2021 Breast cancer YG: 30
CG: 18

Yoga, 15–30 min/day, 5–6
times/week, 8 weeks

Usual care Self-made pain scale There were no different treatment
effects between 2 groups. More
practice durations were related to
the lower pain within yoga group.

Baseline, daily
assessment on alternate
weeks

D'Cunha et al, 2021 Cervical cancer YG: 24
CG: 24

Yoga, 23 min/session, 5
times/week, 5 weeks

Usual care Self-made stress scale Yoga revealed less stress than the
control groups (P < 0.001).

Baseline, 5 weeks

(continued on next page)
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Table 1 (continued )

Author, year Participants Intervention Measurements Main outcomes Assessment time

Cancer type Sample size YG CG

Eyig€or et al, 2021 Breast cancer YG: 15
CG: 16

Yoga, 60 min/session, 2
times/week, 10 weeks

Usual care Phase angle; EORTC QLQ-C30;
Arm volume; BMI

The comparisons between the 2
groups showed no significant
differences.

Baseline, 10 weeks

Khedmati et al, 2021 Breast cancer YG: 10
CG: 10

Yoga plus a high dose of
vitamin D, 60–90 min/
session, 2 times/week, 12
weeks

A high dose of
vitamin D

RWT; Shoulder flexibility; BAI;
Serum cytokines

Yoga group found significant
improvements in RWT, shoulder
flexibility and anxiety (P < 0.05).
The expression of blood leukocyte
P53 and Bcl2 level was higher
than control group (P < 0.05).

Baseline, 12 weeks

Zetzl et al, 2021 Unlimited type YG: 69
CG: 67

Yoga, 60 min/session, 1
times/week, 8 weeks

Usual care EORTC QLQ-FA12; PHQ-9;
EORTC QLQ-C15-PAL

When compared to control group,
yoga revealed significant
improvements in fatigue,
depression and QOL (P < 0.05).

Baseline, 10 weeks

Zhi et al, 2021 Breast and gynecological
cancer

YG: 21
CG: 20

Yoga, 60 min/session, every
day, 8 weeks

Usual care HADS; BFI; ISI; TES Yoga relieved anxiety significantly
when compared to control group
(P < 0.05).

Baseline, 4, 8 and 12
weeks

Chen et al, 2021 Unlimited type YG: 57
CG: 61

Yoga, 20 min/session, 3 to 6
times/week, 8 weeks

Usual care NRS; FACT-G; PSQI Yoga group significantly improved
QOL, sleep quality (P < 0.05), and
reduced fatigue (P < 0.01) when
compared to control group.

Baseline, 8 weeks

Bao et al, 2020 Breast and gynecological
cancer

YG: 21
CG: 20

Yoga, 60 min/session, every
day, 8 weeks

Usual care NRS (pain, numbness, and
tingling); FACT/GOG-Ntx
subscale; Functional reach test;
Chair to stand; Number of falls; 4-
Meter walk speed

Yoga group found significant
improvements in pain,
neurotoxicity, functional reach
test and chair to stand test when
compared to control group
(P < 0.05).

Baseline, 4, 8 and 12
weeks

Prakash et al, 2020 Breast cancer YG: 48
CG: 52

Yoga, 2 times/day, 15 weeks Usual care EORTC QLQ-C30 Yoga revealed significant
advantages on increasing QOL
(P < 0.05).

Baseline, 3, 6, 9, 12 and
15 weeks

Li et al, 2020 Lung cancer YG: 70
CG: 69

Yoga breathing exercises,
16 min/session, every day, 4
weeks

Usual care EORTC QLQ-C30; 6MWT; SpO2;
Pulse; BS

Significant improvements of
6MWT were reported in yoga
when compared to control group
(P < 0.05).

Baseline, 4 weeks

Yang et al, 2020 Unlimited type YG: 57
CG: 57

Yogic meditation, 30 min/
session, twice a day, 1 week

Usual care BPI Yoga relieved pain symptom
significantly when compared to
control group (P < 0.05).

Baseline, 1 week

Huberty et al, 2019 Myeloproliferative
neoplasm

YG: 27
CG: 21

Yoga, 60 min/week, 12 weeks Usual care SAF; PROMIS (anxiety,
depression, pain, sleep
disturbance, sexual function,
global health, and quality of life);
Serum cytokines

Yoga showed small effects on
anxiety, sleep and pain, and a
moderate effect on depression.
TNF-α in yoga group was found a
decline from baseline to 12 weeks.

Baseline, 7, 12, and 16
weeks

Kothari et al, 2019 Unlimited type YG: 50
CG: 50

Yoga plus standard antiemetic
therapy, 60 min/session, 5
days

Standard antiemetic
therapy

Nausea and vomiting Yoga reduced vomiting
significantly when compared to
control group (P < 0.05).

3 days post-
chemotherapy

Lin et al, 2019 Unlimited type YG: 177
CG: 181

Yoga, 75 min/session, 2 days/
week, 4 weeks

Usual care MFSI; PSQI Significant improvements of
fatigue and sleep were observed in
yoga when compared to control
(P < 0.01).

Baseline, 4 weeks

Milbury et al, 2019 Glioma YG: 10
CG: 10

Yoga, 45 min/session, 2 or 3
times/week, through
radiotherapy

Usual care MDASI-BT; CES-D; BFI; SF-36 Yoga performed significant effects
on improving cancer-related
symptoms, depression and mental
QOL when compared to control
group.

Baseline, the last day of
radiotherapy

Milbury et al, 2019 Lung or esophageal
cancer

YG: 13
CG: 13

Yoga, 60 min/session, 2 or 3
times/week, 6 weeks

Usual care SF-36; CES-D; 6MWT Baseline, the last day of
radiotherapy, 12 weeks

(continued on next page)
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Table 1 (continued )

Author, year Participants Intervention Measurements Main outcomes Assessment time

Cancer type Sample size YG CG

Yoga performed significant effects
on improving 6MWT and QOL
when compared to control group.

Porter et al, 2019 Breast cancer YG: 35
CG: 20

Yoga, 120 min/week, 8 weeks Usual care BPI; BFI; PSQI; HADS; FFMQ;
6MWT

Modest improvements of fatigue,
anxiety, depression and 6MWT
were found in yoga group when
compared to control group.

Baseline, 8, 12 and 24
weeks

Barassi et al, 2018 Lung cancer YG: 16
CG: 16

yoga breathing, 10 min/
session, 30 times/day, 1 week

Usual care Pulmonary and cardiocirculatory
parameter

Yoga revealed significant
advantages on improving heart
rate and SpO2 when compared to
control group (P < 0.05).

Baseline, 1 week

Chaoul et al, 2018 Breast cancer YG: 74
CG: 85

Yoga, 75–90 min/session, 4
sessions during
chemotherapy, 3 booster
sessions through follow up

Usual care PSQI; BFI; Objective sleep
parameter

Yoga found fewer sleep
disturbances than control group
after 1 week treatment (P < 0.05).

Baseline, 1 week, 3, 6, 12
months

Eyigor et al, 2018 Breast cancer YG: 22
CG: 14

Yoga, 60 min/session, 2
times/week, 10 weeks

Usual care VAS; EORTC QLQ-C30; BDI;
6MWT

No significant differences were
observed between the 2 groups.
The improvements of pain in
shoulder and arm were found
within yoga group.

Baseline, 10 weeks

Hardoerfer et al, 2018 Unlimited type YG: 37
CG: 33

Yoga, 60 min/session, 1
times/week, 8 weeks

Usual care GAD; PHQ-2; EORTC QLQ-FA Yoga reduced anxiety significantly
when compared to control group
(P < 0.05).

Baseline, 8 weeks

Jong et al, 2018 Breast cancer YG: 47
CG: 36

Yoga, 75 min/session, 1
times/week, 12 weeks

Usual care MFSI; FQL; EORTC QLQ-C30;
EORTC QLQ-BR; HADS; IES

No significant differences were
observed between the 2 groups. In
sub-scale of EORTC QLQ-C30,
yoga reported less nausea and
vomiting than control group at 24
weeks.

Baseline, 12 and 24
weeks

Taylor et al, 2018 Breast cancer YG: 14
CG: 12

Yoga, 75 min/session, 1
times/week, 8 weeks

Usual care BFI; ISI; CES-D; PSS Yoga reduced depression
significantly when compared to
control group (P < 0.01).

Baseline, 8 weeks

Winters-Stone et al, 2018 Breast cancer YG: 47
CG: 43

Yoga, 30 min/session, 3
times/week, 8 weeks

Usual care POMS-B; IPAQ-short; Physical
activity stage assessment
instrument

Significant improvements of
fatigue, physical activity and
exercise readiness were observed
in yoga when compared to control
group (P < 0.05).

Baseline, 4 and 8 weeks

YG, Yoga group; CG, Control group; EORTC QLQ-C30, European organization for research and treatment of cancer quality of life questionnaire-core 30; QOL, Quality of life; IFN-γ, Interferon-γ; TNF-α, , Tumor necrosis
factor-α; MDA, Malondialdehyde; BS, Borg scale; 6MWT, 6-min walk test; HADS, Hospital anxiety and depression scale; PSS, Perceived stress scale; SAS, Self-rating anxiety scale; SDS, Self-rating depression scale; PPQ,
Psychological capital questionnaire; FACT-G, Functional assessment of cancer therapy-general; FACT-P, Functional assessment of cancer therapy-prostate cancer; FACIT-F, Functional assessment of chronic illness therapy-
fatigue questionnaire; EPIC, Expanded prostate index composite questionnaire; G-CSF, Granulocyte colony stimulating factor; MCP-1, Monocyte chemoattractant protein-1; PROMIS, Patient-reported outcome measurement
information system; BPI, Brief pain inventory; QLQ-CIPN20, Quality of life questionnaire-chemotherapy induced peripheral neuropathy; PFS, Piper fatigue scale; FACT-B, Functional assessment of cancer therapy-breast
cancer; IL-10, Interleukin-10; IL-6, Interleukin-6; QLICP-CE, Quality of life instruments for cancer patients-cervical cancer; BMI, Body mass index; RWT, Rockport walk test; BAI, Beck anxiety inventory; EORTC QLQ-FA,
European organization for research and treatment of cancer quality of life questionnaire-fatigue; PHQ, Patient Health Questionnaire; EORTC QLQ-C15-PAL, European organization for research and treatment of cancer
quality of life questionnaire-core 15 - palliative cancer; BFI, Brief fatigue inventory; ISI, Insomnia severity index; TES, Treatment expectancy scale; NRS, Numerical rating scale; PSQI, Pittsburgh sleep quality index; FACT/
GOG-Ntx, Functional assessment of cancer therapy/gynecologic oncology group-neurotoxicity; SAF, Symptom assessment form; MFSI, Multidimensional fatigue symptom inventory; MDASI-BT, MD Anderson symptom
inventory-brain tumor module; CES-D, Center for epidemiological studies-depression measure; SF-36, Medical outcomes study 36-item short-form survey; FFMQ, Five facet mindfulness questionnaire; VAS, Visual analogue
scale; BDI, Beck Depression Inventory; GAD, General anxiety disorder; FQL, Fatigue Quality List; EORTC QLQ-BR, European organization for research and treatment of cancer quality of life questionnaire-breast cancer; IES,
Impact of events scale; POMS-B, Profile of mood states-brief version; IPAQ-short, International physical activity questionnaire-shortform.
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Table 2
Evidence certainty of outcomes.

No. Outcomes Evidence certainty

1 Yoga on fatigue at 4, 8, 10 weeks after intervention Level 1a
2 Yoga on fatigue at 16, 24 weeks after intervention Level 1c
3 Yoga on anxiety at 8, 12 weeks after intervention Level 1a
4 Yoga on anxiety before surgery and at discharge Level 1c
5 Yoga on anxiety at 16, 24 weeks after intervention Level 1c
6 Yoga on depression at 8, 10, 12 weeks after intervention Level 1a
7 Yoga on depression at 16, 24 weeks after intervention Level 1c
8 Yoga on pain at 12 weeks after intervention Level 1a
9 Yoga on pain at 1, 16 weeks after intervention Level 1c
10 Yoga on sleep at 4, 8, 12 weeks after intervention Level 1a
11 Yoga on QOL at 8 weeks after intervention Level 1a
12 Yoga on global health, function and symptom of EORTC QLQ-C30 at 12 weeks after intervention Level 1a
13 Yoga on 6MWT at 4 weeks after intervention Level 1c
14 Yoga on 6MWT at 12 weeks after intervention Level 1a
15 Yoga on heart rate and SpO2 after 1 week of intervention Level 1c
16 Yoga on body fat percentage, handgrip strength, Rockport walk test, shoulder flexibility, functional reach

test and chair to stand test at 12 weeks after intervention
Level 1c

17 Yoga on serum TNF-α, IL-6, IFN-γ, G-CSF, MCP-1, MDA, IL-10, P53 and Bcl2 levels Level 1c
18 Yoga on neurotoxicity, nausea and vomiting, cancer-related symptom, stress, psychological capital and

urinary function of patients
Level 1c

QOL, Quality of life; EORTC QLQ-C30, European organization for research and treatment of cancer quality of life questionnaire-core 30; 6MWT, 6-min walk test; TNF-α,
Tumor necrosis factor-α; IL-6, Interleukin-6; IFN-γ, Interferon-γ; G-CSF, Granulocyte colony stimulating factor; MCP-1, Monocyte chemoattractant protein-1; MDA,
Malondialdehyde.
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(P ¼ 0.05, I2 ¼ 67%), so a random-effects model was applied. The results
showed no significant difference between the two groups (n ¼ 489;
SMD ¼ �0.09; 95% CI ¼ �0.49, 0.3; P ¼ 0.64) [Fig. 5(a)]. However, the
sensitivity analysis suggested that the study by Zhi et al.27 had a large
effect on the heterogeneity. No heterogeneity was observed when this
study was removed (P ¼ 0.62, I2 ¼ 0%). There was a significant differ-
ence between the two groups (n ¼ 448; SMD ¼ �0.29; 95% CI ¼ �0.48,
�0.11; P ¼ 0.002). The meta-analysis results were unstable, indicating
the need for further exploration.

Nine studies22,23,27–30,32–34 reported the effects of yoga on fatigue 8
weeks after the intervention. The heterogeneity among these studies was
low (P ¼ 0.28, I2 ¼ 18%). The results showed no significant difference
between the two groups (n ¼ 547; SMD ¼ �0.06; 95% CI ¼ �0.23, 0.11;
P ¼ 0.48) [Fig. 5(b)]. Two studies29,35 reported the effects of yoga on
fatigue 10 weeks after the intervention. No heterogeneity was detected
among these studies (P ¼ 0.78, I2 ¼ 0%). The results indicated that yoga
significantly improved fatigue in cancer survivors 10 weeks after the
intervention (n ¼ 180; SMD ¼ �0.63; 95% CI ¼ �0.93, �0.33; P < 0.01)
[Fig. 5(c)]. The results of two studies22,23 could not be pooled, so a
qualitative description was adopted. For the long-term effects, Huberty
et al.22 found that yoga was more effective in reducing fatigue than the
control intervention at 16 weeks, and Porter et al.23 confirmed this
positive effect at 24 weeks.
Fig. 2. (a) Risk of bias graph.
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Effects of yoga on exercise capacity

Three studies23,36,37 reported the effects of yoga on the 6-min walk
test (6MWT) distance 12 weeks after the intervention. The heterogeneity
among these studies was high (P ¼ 0.05, I2 ¼ 66%), so a random-effects
model was used. The results showed no significant difference between
the two groups (n¼ 117; MD¼ 6.31; 95% CI¼�42.99, 55.61; P¼ 0.80)
[Fig. 6(a)]. The results of five studies21,38–41 were reported qualitatively.
Barassi et al.38 found that yoga significantly improved the heart rate and
SpO2 after 1 week of intervention compared with the control interven-
tion. Li et al.39 observed that yoga significantly improved the 6MWT
distance 4 weeks after the intervention. Some studies demonstrated the
physical benefits of yoga 12 weeks after the intervention. Naderi et al.40

showed the advantages of yoga in improving body fat percentage and
handgrip strength. Khedmati et al.41 reported that patients in the yoga
group performed better on the Rockport walk test and shoulder flexibility
test. Bao et al.21 found significant effects on the functional reach test and
chair–stand test results.

Effects of yoga on serum cytokine level

Owing to insufficient data for the pooled analysis, only descriptive
analyses were performed. Five studies22,29,40,42,43 reported the
(b) Risk of bias summary.



Fig. 2. (continued).
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relationship between the serum level of the anti-inflammatory factor
TNF-α and yoga. Jain et al.42 found that the decline in the TNF-α level in
the yoga group was better than that in the control group at 48 weeks of
8

follow-up. Huberty et al.22 showed a significant decrease in the TNF-α
level within the yoga group at 12 weeks of follow-up. However, Greaney
et al.,43 Naderi et al.,40 and Sohl et al.29 reported non-significant changes.
For the serum level of the anti-inflammatory factor interleukin (IL)-6,
Naderi et al.,40 Huberty et al.,22 and Sohl et al.29 all found a significant
decline in the yoga group. For the serum level of interferon-γ, Jain et al.42

showed a significant decrease in the yoga group, but Kaushik et al.44

noted the opposite. In addition, the yoga group showed significant in-
creases in the serum granulocyte colony-stimulating factor,44 monocyte
chemotactic protein-1,44 and malondialdehyde levels,42 and significant
decreases in the serum IL-10,40 anti-apoptotic gene P53,41 and
anti-apoptotic gene Bcl2 levels.41

Effects of yoga on anxiety

Five studies23,28,33,34,45 reported the effects of yoga on anxiety 8
weeks after the intervention. The heterogeneity was high among these
studies (P¼ 0.04, I2 ¼ 59%), so a random-effects model was applied. The
results showed that yoga significantly improved anxiety in cancer sur-
vivors 8 weeks after the intervention (n ¼ 378; SMD ¼ �0.53; 95%
CI ¼ �0.87, �0.19; P ¼ 0.002) [Fig. 7(a)]. Five studies22,23,27,41,46 re-
ported the effects of yoga on anxiety 12 weeks after the intervention. The
heterogeneity among these studies was low (P ¼ 0.15, I2 ¼ 40%). The
meta-analysis revealed that yoga significantly reduced anxiety compared
with the control intervention (n ¼ 247; SMD ¼ �0.67; 95% CI ¼ �0.93,
�0.41; P < 0.01) [Fig. 7(b)]. Three studies22,23,47 were reported quali-
tatively. Lu et al.47 found that yoga breathing training after admission
and at discharge significantly improved anxiety among lung cancer sur-
vivors. Concerning long-term effects, Huberty et al.22 found that yoga
had small effects on reducing anxiety at 16 weeks. Porter et al.23

discovered that yoga yielded modest improvements in anxiety at 24
weeks.

Effects of yoga on depression

Eight studies23,27–30,33,34,45 reported the effects of yoga on depression
8 weeks after the intervention. There was no heterogeneity among these
studies (P ¼ 0.81, I2 ¼ 0%). The meta-analysis showed that yoga
significantly reduced depression compared with the control intervention
(n ¼ 489; SMD ¼ �0.36; 95% CI ¼ �0.54, �0.18; P < 0.01) [Fig. 8(a)].
Three studies29,35,36 reported the effects of yoga on depression 10 weeks
after the intervention. No heterogeneity among these studies was found
(P ¼ 0.63, I2 ¼ 0%). There was a significant difference between the two
groups (n ¼ 216; SMD ¼ �0.41; 95% CI ¼ �0.68, �0.14; P < 0.01),
which indicated that yoga significantly improved depression in cancer
survivors 10 weeks after the intervention [Fig. 8(b)]. Five
studies22,23,27,37,46 reported the effects of yoga on depression 12 weeks
after the intervention. The heterogeneity was high among these studies
(P ¼ 0.07, I2 ¼ 54%), so a random-effects model was applied. The results
revealed that yoga significantly reduced depression in cancer survivors
12 weeks after the intervention compared with the control intervention
(n ¼ 253; SMD ¼ �0.47; 95% CI ¼ �0.86, �0.09; P ¼ 0.02) [Fig. 8(c)].
The results of two studies22,23 were reported qualitatively. For the
long-term effects, Huberty et al.22 showed that yoga had moderate effects
on reducing depression at 16 weeks. Porter et al.23 discovered that yoga
yielded improvements in depression at 24 weeks compared with the
control intervention.

Effects of yoga on QOL

Four studies34,35,48,49 reported the effects of yoga on the QOL 8 weeks
after the intervention. These studies showed high heterogeneity
(P ¼ 0.006, I2 ¼ 76%), so a random-effects model was used. The
meta-analysis showed that yoga significantly improved the QOL
compared with the control intervention (n ¼ 482; SMD ¼ 0.65; 95%
CI ¼ 0.27, 1.02; P ¼ 0.001) [Fig. 9(a)]. Five studies36,40,46,50,51 reported



Fig. 3. (a) Mean changes of pain from baseline to 12 weeks after intervention; (b) Mean changes of pain from baseline to 12 weeks after intervention by sensi-
tivity analysis.

Fig. 4. (a) Sleep at 4 weeks after intervention; (b) Mean changes of sleep from baseline to 8 weeks after intervention; (c) Mean changes of sleep from baseline to 12
weeks after intervention.
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the effects of yoga on the global health subdomain of the EORTC
QLQ-C30 12 weeks after the intervention. The heterogeneity among
these studies was low (P ¼ 0.29, I2 ¼ 20%). Yoga had significant ad-
vantages in improving global health (n ¼ 270; MD ¼ 9.58; 95%
CI ¼ 6.27, 12.89; P < 0.01) [Fig. 9(b)]. Three studies36,40,50 reported the
effects of yoga on the functional subdomain of the EORTC QLQ-C30 12
9

weeks after the intervention. The heterogeneity was high among these
studies (P ¼ 0.005, I2 ¼ 81%). No significant difference was found be-
tween the two groups (n ¼ 87; MD ¼ 6.96; 95% CI ¼ �5.99, 19.91;
P ¼ 0.29) [Fig. 9(c)].

Three studies36,40,50 reported the effects of yoga on the symptom
subdomain of the EORTC QLQ-C30 12 weeks after the intervention.



Fig. 5. (a) Fatigue at 4 weeks after intervention; (b) Mean changes of fatigue from baseline to 8 weeks after intervention; (c) Fatigue at 10 weeks after intervention.

Fig. 6. (a) Mean changes of 6MWT from baseline to 12 weeks after intervention.
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These studies showed high heterogeneity (P < 0.1, I2 ¼ 93%). No sig-
nificant differences were found between two of the groups (n ¼ 87;
MD ¼ �3.36; 95% CI ¼ �20.97, 14.25; P ¼ 0.71) [Fig. 9(d)]. However,
the sensitivity analysis suggested that the study by Naderi et al.40 had a
large effect on the heterogeneity. No heterogeneity was observed when
this study was removed (P ¼ 0.91, I2 ¼ 0%). The pooled analysis of the
remaining studies suggested that yoga had advantages over the control
intervention in reducing symptoms (n ¼ 67; MD ¼ 6.61; 95% CI ¼ 1.37,
11.84; P ¼ 0.01). The meta-analysis results were unstable, indicating the
need for further studies.

Others

Finally, the results of seven studies21,45,46,49,52–54 could not be
included in the meta-analysis because the analysis focused on particular
outcomes for which the available number of studies was insufficient. Bao
et al.21 found that the yoga group performed better in reducing neuro-
toxicity at 12weeksof follow-up.Kothari et al.52 found that theyogagroup
reported less nausea and vomiting than did the control group 3 days after
chemotherapy; this positive effect was also demonstrated by Jong et al.46

at 24 weeks of follow-up. Additionally, the yoga group demonstrated
10
significant improvements in cancer-related symptoms,53 stress,54 yoga
capital,45 and urinary function49 compared with the control group.

Discussion

This updated systematic review and meta-analysis included 34 recent
RCTs to determine the effects of yoga on cancer survivors. Consistent
with previous reports,13–16 the findings of this study suggested that yoga
improved physical function, mental health, and overall QOL. However,
for physical function, there is still a lack of strong evidence on the ben-
efits of yoga on exercise capacity. Further research is needed on this
topic. For mental health, previous studies13,16 reported the effects of yoga
on reducing anxiety and depression in the short term.

Consistent with most previous studies,13 this updated review
showed a moderate-to-high impact of yoga on the overall QOL of cancer
survivors in the short term. For cancer-related symptoms, the updated
review found that the effects of yoga on pain and fatigue were not
consistent, indicating the need for more exploratory studies. In addi-
tion, Cramer et al.5 reported that yoga reduced sleep disturbances in the
short term, which was also confirmed in this review. Overall, the
methodological quality of the studies showed a moderate-to-low risk of



Fig. 7. (a) Anxiety at 8 weeks after intervention; (b) Mean changes of anxiety from baseline to 12 weeks after intervention.

Fig. 8. (a) Depression at 8 weeks after intervention; (b) Depression at 10 weeks after intervention; (c) Mean changes of depression from baseline to 12 weeks after
intervention.
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Fig. 9. (a) QOL at 8 weeks after intervention; (b) Mean changes of global health subdomain of EORTC QLQ-C30 from baseline to 12 weeks after intervention; (c) Mean
changes of functional subdomain of EORTC QLQ-C30 from baseline to 12 weeks after intervention; (d) Mean changes of symptom subdomain of EORTC QLQ-C30 from
baseline to 12 weeks after intervention.
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bias. Owing to the nature of the study interventions, it was difficult to
achieve blinding of participants and interveners. Some included studies
lacked clear descriptions of the procedures of randomization and allo-
cation concealment,27,36,39,42,45 resulting in potential selection bias.
Accordingly, further rigorous and high-quality RCTs are needed to
confirm the effects of yoga on health-related outcomes of cancer
survivors.

In traditional Chinese medicine, it is believed that the pathogenesis of
cancer is closely linked to imbalances in the body, including pathogenic
disorders and positive bodily states. When mood fluctuates, the liver
controls the free flow of Qi; Qi stagnation leads to phlegm and blood
stasis, eventually producing a congealed mass. Conversely, the spleen is
the source of Qi and blood generation. When patients ruminate, their diet
may become irregular, causing damage to the spleen; since Qi and blood
are not easily generated, a deficiency of Qi and blood gradually results.
The loss of healthy Qi results in the invasion of evil Qi, causing the onset
of cancers.7–10 Within this traditional framework, the significant re-
ductions in symptoms of anxiety and depression and the improvements in
mood achieved suggest that yoga enhances the generation of healthy Qi
while dispelling evil Qi. In addition, yoga improves physical and mental
health- and QOL-related outcomes, which may be attributed to neuro-
endocrine regulation. Yoga may also enhance the immune function of
cancer survivors by interrupting the inflammatory process and reducing
the activity of T-cells and NK cells.42,55
12
Limitations

While the effect sizes of yoga for the QOL were generally large, the
effect sizes for most physical and mental health-related outcomes were
relatively small among the studies included in this review. This finding
may be attributed to the heterogeneity of cancer survivors. Future explo-
ration of the moderators of yoga's physical and mental health benefits for
cancer survivors should utilize large samples. In addition, some studies
included in this updated systematic review and meta-analysis evaluated
multiple health-related outcomes, which can potentially lead to underes-
timation of the benefits of yoga. Finally, this updated study included ar-
ticles published in Chinese or English only, and given yoga's Indian roots,
some important articles may have been excluded.

Implications for practice

Despite the abovementioned limitations, the findings of this updated
systematic review and meta-analysis have the following important im-
plications. Yoga benefits the physical and mental health-related out-
comes and overall QOL of cancer survivors and could therefore be used as
an optional supportive intervention for people with cancer. Since most
participants in the included studies were current cancer survivors and
short-term cancer survivors, future research should explore yoga's health
benefits for long-term cancer survivors. Cognitive impairment is a crucial
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problem for cancer survivors.56 Future research should also examine the
effects of yoga on the cognitive function of long-term survivors. Because
most studies included in this updated study lacked allocation conceal-
ment with a short-term follow-up assessment of study outcomes, more
rigorous RCTs are needed to assess the longer-term effects of yoga and
enhance the health benefits for people with cancer.

Conclusions

This updated systematic review and meta-analysis offers available ev-
idence on the effects of yoga on the physical function, mental health, and
QOL of cancer survivors. Since most included studies employed relatively
small sample sizes, more large-scale, multi-center, high-quality RCTs are
needed to further verify yoga's health benefits for cancer survivors.
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