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Background: The pain-fatigue-sleep disturbance symptom cluster is commonly experienced by breast cancer patients, and a variety 
of nonpharmacological interventions are used to treat this symptom cluster.
Objective: To compare the efficacy of nonpharmacological interventions in improving the symptoms of the pain-fatigue-sleep 
disturbance symptom cluster in breast cancer patients.
Methods: A comprehensive literature search was conducted in the PubMed, EMBASE, Cochrane Library, CINAHL, CNKI, and 
Wanfang databases to identify randomized controlled studies from database inception to May 2022. Two reviewers independently 
performed data retrieval and risk of bias assessments. The consistency model was used to conduct network meta-analyses (NMA) 
based on the frequentist framework to assess the interventions, which were ranked by the surface under the cumulative ranking curve 
(SUCRA). Finally, the CINeMA application was used to evaluate the results of the NMA and the evidence of quality. The results 
Twenty-three eligible studies assessing 14 interventions were included. According to SUCRA values, among the management effects 
of the three symptoms, the effect of progressive muscle relaxation (PMR) ranked first, followed by mindfulness-based stress reduction 
(MBSR). The overall evidence quality of our study ranges from very low to moderate.
Conclusion: PMR and MBSR were effective interventions for the pain-fatigue-sleep disturbance symptom cluster in breast cancer 
patients. Clinical recommendations prioritize PMR for symptom management, followed by MBSR. However, this should be inter-
preted cautiously, as the confidence in the evidence was not high.
Keywords: breast cancer, pain-fatigue-sleep disturbance symptom cluster, nonpharmacological intervention, systematic review, 
network meta-analysis

Introduction
According to the 2020 global cancer statistics published by CA: A Cancer Journal for Clinicians, breast cancer has the 
highest morbidity in the world among all cancers.1 With the development of health care technology in recent years, 
effective treatments have increased the 5-year survival rate of breast cancer patients to more than 80%.2 However, during 
the development and treatments of the disease, breast cancer patients experience various symptoms (such as fatigue and 
pain), which are correlated and clustered together.3 These clusters where two or more symptoms exist simultaneously and 
interact with each other are called symptom clusters, and the symptoms within the cluster may have the same etiology.4 

They have a greater impact than a single symptom on the health status and quality of life of cancer patients.5
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The pain-fatigue-sleep disturbance symptom cluster is one of the most common symptom clusters in breast cancer 
patients and is directly related to treatments such as surgery, radiation, and chemotherapy.6 More than half of all cancer 
patients undergoing treatments or with advanced metastases experience pain, fatigue, and sleep disturbances, which occur 
at all stages of treatment and interact with each other, severely affecting the patient’s life status.7,8 Studies have shown 
that fatigue is more severe when patients have poor sleep quality or sleep more during the day, and several studies have 
shown that when fatigue is not relieved, sleep disturbance and pain levels are exacerbated and mental status is 
affected.9,10 There are few studies on the mechanisms of symptom clusters, and previous studies have shown that 
there is a common biological mechanism for symptoms within the cluster that may be closely linked to inflammatory 
cytokines such as interleukin-1β and C-reactive protein.11,12

Brant13 comprehensively analysed the existing symptom management theories and pointed out that implementing an 
effective symptom intervention strategy is necessary for improving patient outcomes and that considering the character-
istics of symptom clusters interactions in the intervention strategy can more efficiently manage patients’ symptoms, 
simplify the symptom intervention process, and improve the utilization rate of medical hospitals. Currently, nonpharma-
cological interventions are widely used in clinical practice for patient symptom management. As a supplement to 
conventional drug therapy, it has a positive effects on cancer patients’ symptom management while reducing the use 
of drugs (such as morphine) and causing fewer side effects.8,14

Current research on non-pharmacological interventions for the pain-fatigue-sleep disturbance symptom cluster in 
breast cancer patients is scattered, and these interventions can be broadly classified into four categories: psychological 
interventions, Chinese medicine, exercise therapy, and other types of interventions. These include progressive muscle 
relaxation, aerobic exercise, cognitive behavioral therapy, Qigong, Yoga, and so on. Up to now, there is no clear 
diagnostic threshold for this symptom cluster, and the severity of the symptom cluster is mainly assessed by various 
symptom assessment scales (including multidimensional scales and unidimensional scales), followed by targeted 
interventions.8 Some of these interventions were delivered directly by health care workers, while others were trained 
by health care professionals and then practiced by the subjects themselves.15 Most of the studies analyzed the effects of 
the interventions in comparison with usual care, and the length of the interventions ranged from 1 week to several 
months.16 There is no evidence of best practice for non-pharmacological interventions for symptom clusters in breast 
cancer patients.17 Some studies have found that interventions such as acupuncture and Qigong are significantly effective 
in relieving some individual symptoms in breast cancer patients by means of Meta-analysis, but there are no clear 
conclusions about the best non-pharmacological interventions for pain-fatigue-sleep disturbance symptom clusters,18,19 

and these conventional Meta-analyses can only compare two groups of interventions and do not allow for 
a comprehensive analysis of multiple interventions in the study. Network meta-analysis (NMA) can solve this problem 
by combining direct and indirect evidence and comparing multiple treatments to guide decision-making in the clinical.20

Given the above, the purpose of the study was to systematically evaluate the intervention effects of different 
nonpharmacological interventions on pain-fatigue-sleep disturbance symptom cluster severity in breast cancer patients. 
The results provide evidence-based data that can guide medical staff in choosing the best intervention protocol.

Methods
The systematic review and NMA were conducted according to the Preferred Reporting Items for Systematic Reviews and 
Network Meta-Analyses (PRISMA-NMA).21 The research has been registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) under registration number CRD42022332007.

Search Strategy
A preliminary search of PubMed was conducted to determine the keywords that could be used for a comprehensive 
search. Six databases were comprehensively searched, including PubMed (MEDLINE), the Cochrane Library, EMBASE, 
CINAHL, CNKI, and the Wanfang Database, from their inception through May 2022. Additionally, the reference lists of 
all relevant systematic reviews and meta-analyses were reviewed to avoid the omission of eligible studies. The PubMed 
database search strategy is shown in Table 1.
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Studies That Met the Following Criteria Were Eligible for NMA
(1) Breast cancer patients aged 18 years and older receiving conventional treatments, such as radiotherapy, chemotherapy, 
surgery, or endocrine therapy; (2) interventions applied during or posttreatment (before and after treatment are collec-
tively referred to as posttreatment); (3) nonpharmacological interventions; (4) pain, fatigue, and sleep disturbance 
severity scores exist simultaneously in a single study; and (5) randomized controlled trials (RCTs) published in 
English or Chinese.

The Exclusion Criteria Included the Following
(1) Duplicate publications; (2) missing data, such as sample size or standard deviation values; and (3) studies for which 
the full text was not available.

Data Extraction and Evaluation of the Risk of Bias
Two researchers independently extracted the data from each study, including the author, publication year, country, sample 
size, patient age, and characteristics of the intervention (intervention type, intervention duration, timing of outcome 
measures).

The assessment tool scores used to measure pain, fatigue, or sleep disturbance were extracted, and when multiple 
scales were used to measure the same symptoms, multidimensional, multi-item scales were prioritized. The data included 
in the studies were postintervention assessment scores, and if direct data could not be used, inferred data were assessed, 
or the original author was consulted to request the raw data. When data were impossible to analyse, the study was 
excluded.

Two researchers assessed the quality of each RCT using the Cochrane risk of bias tool, including seven domains, 
namely, random sequence generation, allocation concealment, blinding of participants and personnel, blinding of the 
outcome assessment, incomplete outcome data, selective reporting, and other bias domains. Each study domain was 
assigned a rating of low, high, or unclear risk of bias. Studies that received a literature quality grade of A had a low risk 
of bias for 4 or more items, and those that received a literature quality grade of B had a low risk of bias for 2 or 3 items. 
Those that received a literature quality grade of C had a low risk of bias for ≤ 1 item, and the study was excluded. In the 
case of disagreement, a third researcher evaluated the study, and a consensus was reached through discussion.22

Statistical Analysis
Stata 16.0 was used to make a network evidence map to analyse whether the included studies met the prerequisites for 
network meta-analysis. A network meta-analysis was conducted based on the frequency framework, and the intervention 
effects of different interventions on pain, fatigue, and sleep disturbance were compared and ranked.23 To estimate 
statistical consistency within every closed loop, we used the “node-splitting” technique to statistically analyse incon-
sistencies between direct and indirect evidence within the entire network framework. If P >0.05, the heterogeneity was 
considered not significant, and then we used the consistency model for statistical analysis.24 The ranking probabilities of 
all interventions were obtained by calculating surface under the cumulative ranking curve (SUCRA) values. A SUCRA 

Table 1 PubMed Search Strategy

ID Search Terms Results

#1 (“Breast carcinoma*”) OR (“Breast tumour*”) OR (“Breast malignan*”) OR (“Breast cancer*”) OR (“Breast Neoplasms”[Mesh]) 425,443
#2 (“Pain”[Mesh]) OR pain* 1,026,910

#3 (“Fatigue”[Mesh]) OR (“Cancer related fatigue”) OR (“cancer-related”) OR (fatigue) 162,539

#4 (“Sleep Initiation and Maintenance Disorders”[Mesh]) OR (Insomnia) OR (“sleep disturb*”) 46,139
#5 #2 AND #3 AND #4 2420

#6 “Symptom cluster*” OR “concurrent symptom*” OR “multiple symptom*” OR “Syndrome”[Mesh] 124,323

#7 #5 OR #6 126,550
#8 (Manag*) OR (treat*) OR (intervention*) OR (therap*) 11,665,041

#9 #1 AND #7 AND #8 631

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S409798                                                                                                                                                                                                                       

DovePress                                                                                                                       
2715

Dovepress                                                                                                                                                               He et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


value, as a percentage, is interpreted as the probability that the intervention is the most effective on the outcome, 
infinitely close to 1 when the intervention is considered to be the best intervention and infinitely close to zero when the 
intervention is considered to be the worst intervention.25 Publication bias was detected by comparison-correction funnel 
plots. Sensitivity analysis was conducted by excluding studies with fewer than 30 samples and recalculating the network 
results. Whether the results were stable was judged by whether there were significant changes in the SMD and 95% CI of 
the difference between the two comparison groups.

Assessment of Certainty of Evidence
The CINeMA application (http://cinema.ispm.ch) was used to evaluate the results of the NMA, and the evidence quality 
and recommendation of outcome indicators were graded.26 The evaluation items included six aspects: within-study bias 
(quality of methodology included in the study), reporting bias (comprehensiveness of inclusion of standard-compliant 
studies), indirectness (relevance and transmissibility with research questions), imprecision (accuracy of combined results 
of different studies), heterogeneity and incoherence (inconsistency between direct and indirect evidence). The severity of 
the above six aspects can be divided into no concern (no downgrade), some concern (one grade down), and major 
concern (two grades down). Finally, the quality level of evidence is obtained, which can be divided into high, moderate, 
low, and very low.

Results
Included Studies
The initial search yielded 2710 English and 931 Chinese studies. 558 duplicate studies were excluded by Note Express 
software, and 52 studies remained after reading the title and abstract to exclude those unrelated to the topic. 30 studies 
were excluded by reading the full text, and 1 study was obtained by manually searching the references of related articles, 
and 23 studies were finally included. The literature screening process is shown in Figure 1.

Baseline Characteristics
The 23 included studies included 2113 participants with 14 different interventions and provided sufficient data published 
between 2009 and 2021. A total of 1091 patients were randomly assigned to the intervention group, and the remaining 
1022 patients were assigned to 3 control groups (usual care, waiting list, and placebo groups). Studies were conducted in 
China (=10), the United States (=5), South Korea (=2), Brazil (=1), Turkey (=2), the Netherlands (=1), France (n=1), and 
Iran (=1). The research participants were mainly middle-aged and elderly women who mostly underwent surgery and/or 
received chemotherapy, radiotherapy, endocrine therapy, or other treatments. The included studies all described the 
durations and frequencies of the interventions in detail, with four studies having a total intervention duration of within 
one month, 16 studies having a total duration of 1–3 months, and the remaining studies having a total intervention 
duration of more than 3 months; the frequency of the intervention was not consistent in most studies, with a single 
intervention duration ranging from 5–120 min. Most studies were conducted to assess the severity of symptoms before as 
well as immediately after the intervention. The basic features of the included literature are detailed in Table 2.

Quality of the Included Studies
The individual and overall levels of study quality are plotted in Figures 2 and 3, respectively. Random sequence 
generation was reported in 19 of the 23 included studies, but some studies did not specify the randomization protocols. 
Six studies described the allocation concealment methods. Most participants and people involved in the studies were not 
blinded to the methods, resulting in a high risk of bias. Four studies had a high risk of bias due to outcome assessment, 
two studies had a high risk of bias due to incomplete outcome data, one study had a high risk of selection bias, and five 
studies had an unclear risk of other bias due to small sample sizes and experimental deficiencies.
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Results of the Network Meta-Analysis
Evidence Network Diagram
Figure 4 shows the network evidence map of the 23 included studies with both arms, including 14 interventions, 
forming a closed loop. The thicker the line between two interventions is, the larger the number of studies comparing 
the two interventions. The larger the node is, the larger the study sample size. Except for one study that compared 
only nonpharmacological interventions, all the studies included a control group (usual care/placebo/waiting list 
groups).

The inconsistency test results for pain (P=0.81), fatigue (P=0.52), and sleep disturbance (P=0.92) all had 
P values >0.05, so the consistency model was used in the Bayesian network meta-analysis for fitting. The 
probability distributions of each intervention, sorted by the effects of interventions for pain, fatigue, and sleep 
disturbance symptoms, were based on the SUCRA values. A higher SUCRA value indicated that the intervention 
was more efficacious. The overall ranking of interventions was estimated by SUCRA values. The possible grade for 
each treatment (from the highest grade to the lowest grade depending on the outcome) is shown on the horizontal 
axis, and the cumulative probability that each treatment is the best choice among the treatments is shown on the 
vertical axis.

Figure 1 Flow chart of the literature screening. 
Abbreviations: AE, aerobic exercise; AR, aerobic exercise and resistance exercise; CBT, Cognitive behavioral therapy; CES, Cranial Electron therapy Stimulation; CG, 
control group (named usual care, waiting list, and placebo groups); CPI, comprehensive psychological intervention; DMT, Dance movement therapy; IBCRNS, internet-based 
continuous rehabilitation nursing support; MBCT, mindfulness-based cognitive therapy; MBSR, Mindfulness-Based Stress Reduction; PE, psychological education; PMR, 
progressive muscle relaxation.
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Table 2 A Summary of the Characteristics of the Included Studies

Study Country Treatment Stage Age 
(Years)

Intervention/ 
Sample Size (n)

Pain Fatigue Sleep 
Disturbance

Intervention Time Time of Outcome 
Measurement

IG CG

Aydin et al, 202227 Turkey NA 45±2.2 AR, 24 UC, 24 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

12 Weeks; 

Aerobic Exercise: 

Three times a week for 50 minutes 

each; 

Resistance Exercise: Twice a week for 

50 minutes each

At baseline; after 

intervention

Bower et al, 201428 USA Chemotherapy/ 

Radiotherapy/ 

Endocrine therapy

IG 46.1 

(28.4–60) 

CG 47.7 

(31.1–59.6)

MBSR, 39 WL,32 BCPT FSI PSQI 6 Weeks; 5–20 minutes a day At baseline; after 

intervention and 3 months 

after intervention

Dolbeault et al, 

200929

French Chemotherapy/ 

Radiotherapy/ 

Endocrine therapy

IG 

54.5 ± 9.3 

CG 

51.6 ± 9.6

PE, 102 WL, 101 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

8 weekly 2 h sessions At baseline; after 

intervention and one week 

before the beginning of the 

deferred intervention

Garssen et al, 

201330

Netherlands Surgery IG 52 ± 1 

CG 54 ± 1

MBSR, 34 UC, 36 NRS POMS PSQI Four times for 45–60 minutes each Day 1 pre-surgery, at  

Day 2, 

Day 30 post-surgery and 

Day 90 post-surgery

Hao et al, 201931 China Chemotherapy 44.1±9.1 MBCT, 

62

UC, 61 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

8 Weeks; twice a week for 60 minutes 

each

At baseline; after 

intervention

Ho et al, 201532 China Radiotherapy 48.9±8.2 DMT, 66 WL, 64 BPI BFI PSQI 3 Weeks; Twice a week for 90 

minutes each

At baseline; after 

intervention

Jang et al, 201633 South 

Korea

Chemotherapy/ 

Surgery/ 

Radiotherapy

IG 51.75 

±5.32 

CG 51.42 

±6.33

MBSR, 12 WL, 12 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

12 Weeks; Once a week for 45 

minutes each

At baseline; after 

intervention

Kim et al, 201834 South 

Korea

No surgery/Breast 

conserving 

operation/Modified 

radical mastectomy

IG 47.9±8.4 

CG 48.1 

±6.9

PE, 30 WL, 30 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

6 Weeks (7 sessions); each session 

lasting 30 minutes to 1 hour

At baseline; after 

intervention; 3 weeks after 

intervention

Kurt & Kapucu, 

201835

Turkey Adjuvant 

chemotherapy

IG 50.1 

±9.37 

CG 50.1 

±8.31

PMR, 25 WL, 24 ESDS ESDS ESDS 63 Days; three times a week (Monday, 

Wednesday, and Friday)

At baseline, the 11th, 21st, 

32nd, 42nd, 53rd, 63rd and 

74th days
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Lengacher et al, 

201236

USA Chemotherapy/ 

Surgery/ 

Radiotherapy

58±9.4 MBSR, 41 UC, 43 MDASI MDASI MDASI 6 Weeks; six times a week for 120 

minutes each

At baseline; after 

intervention; 2 weeks after 

intervention

Lyon et al, 201537 USA Chemotherapy IG 

51.04 ± 1.21 

CG 

51.91 ± 0.97

CES, 77 Placebo, 

75

BPI BFI GSGD 2 weeks following chemotherapy; 

One hour a day

At baseline, 2 weeks, 4 

weeks OR At baseline, 3 

weeks, 6 weeks

Pasyar et al, 201938 Iran Off treatment IG 

51.6 ±10.46 

CG 51.8 

±11.4

Yoga, 12 UC, 15 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

8 Weeks; 3 sessions each week At baseline; at 4 and 8 

weeks post-baseline

Paulo et al, 201939 Brazil Chemotherapy/ 

Surgery/ 

Radiotherapy

IG 63.2 ± 7.1 

CG 66.6 ±  

9.6

AR, 18 UC, 18 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

AR:9 Months; three times a week for 

70 minutes each (resistance 

training:40 minutes, aerobic 

training:30 minutes) 

R: 9 Months; twice a week for 45 

minutes each

At baseline; at 3, 6 and 9 

months post-baseline

Porter et al, 201940 USA NA IG 

56.3±11.6 

CG 59.4 

±11.3

Yoga, 35 PE, 20 BPI BFI PSQI Eight times a week; 2 hours each time At baseline; after 

intervention; 3 months and 

6 months after intervention

Reich et al, 201741 USA Off treatment 

within two years

IG 56.5 

±10.2 

CG 57.6 

±9.2

MBSR, 

167

WL, 155 BPI FSI PSQI 6Weeks; 15–45 minutes a day At baseline; after 

intervention; 6 weeks after 

intervention

Wang & Lu, 201142 China Chemotherapy IG 68.76 

±14.83 

CG 66.32 

±15.21

PE, 61 UC, 62 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

Talking:3 months; once a week for 60 

minutes each 

Free teaching:4 Weeks; once a week

At baseline; after 

intervention

Wang et al, 201943 China Surgery 

+Chemotherapy

18–50 

(48.8%); 

51–70 

(51.2%)

IBCRNS; 

41

UC; 41 NRS NRS NRS 6 Months (Before to one month after 

surgery, one month to six months 

after surgery)

At baseline; at 2 months 

and 3 months post-baseline

Wu, 201844 China Endocrine therapy IG 53.4±7.3 

CG 54.3 

±8.5

Qigong, 

33

UC, 35 EORTC 

QLQ-30

EORTC 

QLQ-30

PSQI 3 Months; at least five times a week 

for 30 minutes each

At baseline; after 

intervention

Yang et al, 201945 China Chemotherapy 18–45 

(33%); >46 

(67%)

AE, 50 UC,56 EORTC 

QLQ-30

RPFS EORTC 

QLQ-30

8 Weeks; at least three times a week 

for 20–30 minutes each

At baseline; after 

intervention

(Continued)
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Table 2 (Continued). 

Study Country Treatment Stage Age 
(Years)

Intervention/ 
Sample Size (n)

Pain Fatigue Sleep 
Disturbance

Intervention Time Time of Outcome 
Measurement

IG CG

Yang, 202046 China Chemotherapy IG 49.92 

±9.6 CG 50 

±9.1

PMR, 37 UC, 38 EORTC 

QLQ-30

MFI-10 PSQI Three chemotherapy cycles; Each 

chemotherapy cycle lasts for one 

week

At baseline; after 

intervention

Zhang, 201747 China NA 18–50 

(56.2%); 

≥50 

(43.8%)

CPI, 45 UC, 44 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

PEI: 4–6 weeks, once a week for 1.5– 

2 hour each; 

GPI: 4–6 weeks, once a week; 

IPI: flexible throughout the entire 

treatment cycle

At baseline; after 

intervention

Zhu, 201148 China Chemotherapy IG 48.2±9.4 

CG 48.2 

±8.7

CBT, 42 WL, 38 EORTC 

QLQ-30

MFI-20 PSQI Six chemotherapy cycles; Each cycle 

was performed once for 1 hour each 

time

At baseline; after 

intervention

Zhu et al, 202049 China Surgery IG 63.2±7.1 

CG 66.6 

±9.6

AR, 18 UC, 18 EORTC 

QLQ-30

EORTC 

QLQ-30

EORTC 

QLQ-30

12Weeks; 

AR: three times a week, three 

sessions each time (resistance 

training), five times a week for 50 

minutes each (aerobic training) 

R: three times a week for 30 minutes 

each

At baseline; at 2 months 

and 3 months post-baseline

Abbreviations: AE, aerobic exercise; AR, aerobic exercise and resistance exercise; BPI, Brief Pain Inventory; BFI: Brief Fatigue Inventory; CBT, Cognitive behavioral therapy; CES, Cranial Electron therapy Stimulation; CG, control group; 
CPI, comprehensive psychological intervention; DMT, Dance movement therapy; EORTC QLQ-30, The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; ESDS, Edmonton Symptom 
Diagnostic Scale; FSI, Fatigue Symptom Inventory; GSGD, General Sleep Disturbance Scale; IBCRNS, internet-based continuous rehabilitation nursing support; IG, intervention group; MBCT, mindfulness-based cognitive therapy; MBSR, 
Mindfulness-Based Stress Reduction; MDASI, M. D. Anderson Symptom Inventory; MFI-10, Multidimensional Fatigue Inventory-10; NA, not applicable; NRS, Numerical Rating Scale; PE, psychological education; POMS, profile of mood 
states; PMR, progressive muscle relaxation; PSQI, Pittsburgh Sleep Quality Index; RPFS, revised piper fatigue scale; UC, Usual Care; WL, wait-list.
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Figure 2 Risk of bias assessment by individual trials.
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Results of the Network Meta-Analysis of Pain
Consistent model analysis showed that progressive muscle relaxation (PMR) had significant effects compared with 
control group (usual care/placebo/waiting list groups) (SMD=4.76, 95% CI (1.36, 8.17), P<0.05) and psychological 
education (PE) (SMD=4.39, 95% CI (0.22, 8.57), P<0.05). In the remaining interventions, there was no difference in the 
effect of pairwise comparisons (see Supplementary File S1). The SUCRA results (Figure 5) indicated that PMR was 
ranked best among nonpharmacological interventions in relieving pain symptoms.

Figure 3 Overall risk of bias assessment using the Cochrane tool.

Figure 4 Network of evidence of all the studies. 
Notes: A, Control Group (Usual Care/wait-list/Placebo); B, Mindfulness-Based Stress Reduction; C, psychological education; D, progressive muscle relaxation; E, aerobic 
exercise; F, Cranial Electron therapy Stimulation; G, aerobic exercise and resistance exercise; H, Cognitive behavioral therapy; I, comprehensive psychological intervention; J, 
Dance movement therapy; K, mindfulness-based cognitive therapy; L, Qigong; M, internet-based continuous rehabilitation nursing support; N, Yoga.

https://doi.org/10.2147/JPR.S409798                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2023:16 2722

He et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=409798.pdf
https://www.dovepress.com
https://www.dovepress.com


Figure 5 SUCRA curves of the effects of 14 interventions on pain, fatigue, and sleep disturbance intervention. 
Abbreviations: AE, aerobic exercise; AR, aerobic exercise and resistance exercise; CBT, Cognitive behavioral therapy; CES, Cranial Electron therapy Stimulation; Control 
Group, Usual Care/wait-list/Placebo; CPI, comprehensive psychological intervention; DMT, Dance movement therapy; IBCRNS, internet-based continuous rehabilitation 
nursing support; MBCT, mindfulness-based cognitive therapy; MBSR, Mindfulness-Based Stress Reduction; PE, psychological education; PMR, progressive muscle relaxation.
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Results of the Network Meta-Analysis of Fatigue
Consistent model analysis showed that PMR had significant effects compared with the control group (usual care/placebo/ 
waiting list groups) (SMD=3.80, 95% CI (1.31, 6.29), P<0.05) and (SMD=3.26, 95% CI (0.20, 6.32), P<0.05). In the 
remaining interventions, there was no difference in the effect of pairwise comparisons (see Supplementary File S1). The 
SUCRA results (Figure 5) indicated that PMR was ranked best among nonpharmacological interventions in relieving 
fatigue symptoms.

Results of Network Meta-Analysis of Sleep Disturbance
Consistent model analysis showed that PMR had significant effects compared with control group (usual care/placebo/ 
waiting list groups) (SMD=5.61, 95% CI (1.99, 9.22), P<0.05), PE (SMD=4.74, 95% CI (0.31, 9.17), P<0.05), and 
aerobic exercise and resistance exercise (AR) (SMD=5.10, 95% CI (0.54, 9.66), P<0.05), P<0.05). In the remaining 
interventions, there was no difference in the effect of pairwise comparisons (see Supplementary File S1). The SUCRA 
results (Figure 5) indicated that PMR was ranked best among nonpharmacological interventions in relieving sleep 
disturbance symptoms.

Publication Bias
Publication bias analyses were performed for three groups, and except for some small studies with distributions outside 
the inverted funnel, the control adjustment funnel was relatively symmetrical, indicating that there was no evidence of 
publication bias (see Supplementary File S2).

Sensitivity Analysis
Sensitivity analysis results showed that after excluding studies with a sample size of less than 30, the difference in the 
intervention effects of the interventions did not change significantly, suggesting that small sample studies had less impact 
on the results (see Supplementary File S3).

Certainty of Evidence
The CINeMA application was used to evaluate the quality of evidence for all outcome indicators in the study. The 
evidence certainty of the results of the NMA’s assessment of pain, fatigue, and sleep disturbance ranges from very low to 
moderate. The main degradation factors are as follows: First, the reports of random and blind methods and other relevant 
information in quite a few studies are incomplete, which leads to serious bias risk. Second, the sample size of some 
included studies was not large, inevitably resulting in a confidence interval of NMA results that was too wide, which led 
to low accuracy of the comprehensive results of different studies. Third, the heterogeneity of studies is high, which may 
be caused by the included randomized controlled trials being different in terms of intervention timing, intervention 
frequency, measurement tools, treatment schemes, etc., and some study control groups contained different control 
measures (See Supplementary File S4).

Discussion
The 14 interventions were ranked according to the network meta-analysis results and SUCRA values. We identified the 
intervention with a SUCRA value>50% as more likely to reduce the severity of symptoms. Our study’s results showed that the 
effect of most interventions to alleviate the burden of pain, fatigue, and sleep disturbance symptoms is inconsistent. Only PMR 
and MBSR ranked high in the three groups of symptoms at the same time, which indicates that these two interventions are 
more likely to alleviate the burden of the pain-fatigue-sleep disturbance symptom cluster than other interventions.

Our study shows that PMR may be the best intervention to alleviate the pain-fatigue-sleep disturbance symptom cluster of 
breast cancer patients. The results of the study were similar to a meta-analysis showing that PMR is effective in alleviating 
symptom burden as well as quality of life in cancer patients.50 Progressive muscle relaxation exercise is the most commonly 
used relaxation exercise at present. It guides patients to systematically contract and relax the skeletal muscle groups of the 
body with the self-concept of exercise as the core concept. This intervention can alleviate the resulting physical tension and 
fatigue through physical and mental concentration and deep relaxation of muscles. Moreover, the generated endorphins, 
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enkephalins, and serotonin may also alleviate physical pain and fatigue and improve sleep quality.51 Previous reports indicate 
that PMR is effective in reducing the incidence and severity of pain, fatigue, and sleep disturbances in patients with other types 
of cancer, such as stomach and gynecological cancers.52,53 However, most of these studies have a general limitation: subjects 
in the intervention group were administered the same intensity and frequency of the intervention protocol, without taking into 
account individual patient variability. Due to the high age and physical requirements of PMR, it is more difficult for frail and 
elderly people (>60 years old) to exercise, compliance is not high, and the intervention effect cannot be equal to that of young 
adults.54 Therefore, it is suggested that clinical workers should evaluate the physical condition and age of patients when using 
PMR interventions. For patients with weak physiques, it is necessary to reduce the exercise intensity appropriately. Future 
research can further analyse the intervention effects of different PMR intervention intensities on the symptom cluster. In 
addition, none of these studies bothered to evaluate the effects of the intervention, and it is recommended that future studies be 
able to evaluate the effects during the intervention and continuously improve the intervention protocol to facilitate the 
development of best clinical practice evidence.

Our study shows that MBSR may be likely to reduce the burden of pain-fatigue-sleep disturbance symptom clusters in breast 
cancer patients, which is consistent with previous report.42 MBSR is one of the most common complementary treatment 
currently used in cancer patients (eg, breast, lung, colorectal cancer patients, etc.).55 MBSR is a systematic stress management 
technology based on “mindfulness”, which emphasizes conscious awareness, focuses on the present, and does not judge all 
current concepts to achieve internal balance.56 The main mechanism of alleviating the burden of the pain-fatigue-sleep 
disturbance symptom cluster is to help patients recognize the current state and events and establish positive emotions and stress 
management, thus alleviating pain, fatigue, sleep disturbance, and other symptoms. At the same time, it can guide individuals to 
consciously expose their thoughts and emotions, enhance individual attention, empathy, and tolerance, and promote individual 
tolerance to symptoms.56 A meta-analysis has confirmed that MBSR also has a positive effect on psychological symptoms such 
as anxiety and depression in lung cancer patients, which can effectively reduce their physical and psychological symptoms and 
improve their quality of life. However, at present, there has been controversy about the best time to implement MBSR.57 

Bisseling showed that providing MBSR during the treatment of breast cancer patients can allow them to quickly apply what they 
have learned to deal with the adverse reactions caused by cancer treatment, but intensive treatment and intervention plans will 
consume much of their time and energy.58 Patients who were treated after treatment, although their physical condition improved 
after the end of treatment, often experienced the fear and anxiety caused by treatment during their treatment. This negative 
emotion will lead to a great reduction in the follow-up intervention effect. Therefore, it is very important to choose the appropriate 
intervention time when conducting MBSR for breast cancer patients clinically. Patients should be given full autonomy so that 
they can assess their psychological vulnerability and choose when to intervene.

Our research results also show that AR and aerobic exercise are likely to alleviate two symptoms in the pain-fatigue- 
sleep disturbance symptom cluster, while yoga, PE and Qigong are likely to alleviate only one symptom. The other 
interventions (mindfulness-based cognitive therapy, Cognitive behavioural therapy, comprehensive psychological inter-
vention, dance movement therapy, internet-based continuous rehabilitation nursing support, cranial electron therapy 
stimulation) ranked lower in the three groups of symptoms (SUCRA values≤50%) and were considered to be less likely 
to reduce the burden of the pain-fatigue-sleep disturbance symptom cluster. In the future, more studies are needed to 
verify the intervention effects of these interventions.

Limitations
Our NMA has several limitations. First, this study conducted only an NMA of the effects of nonpharmacological 
interventions on the pain-fatigue-sleep disturbance symptom cluster. Since some studies measured only symptom scores 
immediately after the application of the intervention, the long-term effects during different periods after application of 
the intervention were not evaluated. Second, because pain, fatigue, and sleep disturbance were not the primary outcome 
measures in some studies, they may have been missed during the screening process. Third, the overall evidence quality of 
our study is not high. Our sensitivity analysis shows that small sample studies have little impact on the results. However, 
we still need to carefully explain and promote the conclusions. In the future, more high-quality and large-sample RCTs 
are needed to increase the evident quality of nonpharmacological interventions to manage breast cancer symptom 
clusters.
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Implications for Practice
In general, this study provides evidence for symptom management of breast cancer patients and proves that PMR and 
MBSR have a positive role in reducing the burden of symptoms of breast cancer patients. Clinical recommendations 
prioritize PMR for symptom management, followed by MBSR. After relevant training, nurses can integrate these 
interventions into the clinical setting according to the patient’s physiological status. Individualized non- 
pharmacological interventions are developed for psychological characteristics and age. The patient’s feedback is noted 
at the time of intervention, the effectiveness of the intervention is evaluated in a timely manner, and the intervention 
program is continuously improved in order to develop best practice evidence for the pain-fatigue-sleep disturbance 
symptom cluster in breast cancer patients.

Conclusions
The NMA results of this study show that PMR may be the best intervention to reduce the severity of the pain-fatigue- 
sleep disturbance symptom cluster in breast cancer patients. To optimize the quality of patient care, the study suggests 
that PMR involvement should be incorporated into daily care in breast patients. However, the findings should be treated 
with caution due to very low-to-moderate certainty of evidence. In the future, it is necessary to further verify the 
conclusions of this study through high-quality, large-sample, multicentre randomized double-blind trials. In addition, it is 
suggested to further explore the effect of combined nonpharmacological and pharmacological interventions on reducing 
the burden of symptoms of breast cancer patients to improve the clinical application prospects.
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