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Abstract

Background: Women with breast cancer and improved survival often experi-

ence treatment- related impairments. High- intensity interval training (HIIT) 

has emerged as a promising exercise therapy modality for adult cancer patients. 

However, the overall effects of HIIT in breast cancer patients remain scarce and 

controversial. Therefore, we conducted a systematic review and meta- analysis 

to comprehensively evaluate the impact of HIIT on health- related outcomes in 

breast cancer patients.

Methods: We searched the PubMed, Embase, and Web of Science from inception 

to November 7, 2022. Eligible studies included randomized controlled trials that 

compared HIIT interventions with usual care (UC) or MICT in breast cancer pa-

tients. The primary outcome assessed was physical fitness, and exploratory out-

comes included body composition, blood- borne biomarkers, and patient- reported 

outcomes. Summary data were extracted, and standardized mean differences 

(SMD) were calculated for meta- analysis. For outcomes that could not be pooled, 

a systematic review was conducted.

Results: Our analysis included 19 articles from 10 studies, encompassing 532 

participants who met the inclusion criteria. Pooled results demonstrated that 

HIIT was superior to UC in improving peak oxygen uptake (VO2peak). The SMD 

for VO2peak (L/min) and VO2peak (mL/kg/min) was 0.79 (95% CI 0.13, 1.45) and 

0.59 (95% CI 0.01, 1.16), respectively. No significant differences in VO2peak were 

found between the HIIT and MICT groups. Meta- analyses on body composition 

and blood- borne biomarkers showed no significant differences between HIIT and 

UC. Systematic review indicated favorable effects of HIIT on muscle strength, 

fatigue, and emotional well- being.

Conclusions: HIIT is a time- efficient alternative to MICT for improving VO2peak 

and may also enhance muscle strength and alleviate fatigue and emotional 

symptoms in breast cancer patients. HIIT should be considered as an important 

component of exercise prescription in breast cancer care. Further studies with 
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1  |  INTRODUCTION

Breast cancer has become the most prevalent cancer type 

worldwide, and is the leading cause of cancer- related 

deaths in women.1 Nevertheless, the 5- year survival rates 

of female breast cancer patients were 80% or higher and 

continued to increase in most countries.2 Despite these 

survival gains, a wide range of complications arises as a 

consequence of treatment interventions and changes in 

lifestyle activities. These complications have the poten-

tial to negatively impact prognosis, health- related qual-

ity of life (HRQoL), as well as physical and psychosocial 

functions.3– 5 Therefore, addressing posttreatment reha-

bilitation approaches becomes critical for the manage-

ment of breast cancer and mitigating treatment- related 

impairments.6

Exercise has demonstrated significant efficacy in im-

proving overall survival rates following a breast cancer di-

agnosis.7,8 Moreover, physical activity has been shown to 

be a safe and effective strategy for improving HRQoL, as 

well as psychological, behavioral, and physical outcomes 

in breast cancer patients undergoing and after adjuvant 

therapy.9– 11 Patients are strongly encouraged to resume 

normal daily activities promptly after diagnosis and main-

tain regular engagement in physical activity, according 

to the ACS/ASCO 2016 Breast Cancer Survivorship Care 

Guideline. Specifically, breast cancer patients should 

aim for at least 150 min of moderate- intensity exer-

cise or 75 min of vigorous- intensity exercise per week. 

Additionally, incorporating strength training exercises at 

least twice a week is recommended.12 However, there re-

mains a lack of clarity regarding specific details such as 

exercise mode, frequency, intensity, and duration. Recent 

studies have highlighted various effective physical train-

ing methods in the rehabilitation treatment across dif-

ferent cancer types.13– 15 Notably, high- intensity interval 

training (HIIT) has demonstrated its cost- effectiveness in 

adult cancer patients by reducing exercise time and signifi-

cantly improving physical fitness and health outcomes.16 

HIIT involves repeated intervals of high- intensity effort, 

with an intensity of ≥90% of maximal oxygen consump-

tion (VO2max) for healthy individuals or ≥80% VO2max for 

clinical populations, followed by periods of low- intensity 

or passive recovery.17,18 This exercise modality has shown 

to elicit favorable physiological adaptations, including 

notable enhancements in VO2peak within a short exercise 

duration when compared to UC and MICT.19,20

Systematic reviews investigating the impact of HIIT in 

cancer patients, including a significant number of breast 

cancer cases, have consistently reported improved cardio-

respiratory fitness and HRQoL.21– 23 However, to date, no 

review has exclusively examined the effects of HIIT in pa-

tients with breast cancer. Therefore, in this study, we aim 

to integrate and analyze all existing articles on HIIT exer-

cise interventions in breast cancer patients. The outcomes 

of interest included physical fitness, body compositions, 

blood- borne biomarkers, and patient- reported outcomes. 

Our objective is to comprehensively understand the over-

all effectiveness of HIIT in this specific population and 

provide valuable insights into exercise rehabilitation strat-

egies for breast cancer patients.

2  |  METHODS

2.1 | Search strategy and selection 
criteria

This study adhered to the Cochrane Collaboration guide-

lines for systematic reviews of interventions and followed 

the Preferred Reporting Items for Systematic Reviews 

and Meta- Analyses (PRISMA) guidelines.24 Ethical ap-

proval or consent was not required as all data used were 

anonymous.

We conducted a comprehensive search of PubMed, 

Embase, and Web of Science from inception to November 

2022, using three main domains: (1) high- intensity inter-

val training; (2) breast cancer patients; and (3) random-

ized controlled trial. The complete list of synonyms and 

the detailed search strategy are available in Table SA1. We 

also reviewed the reference lists of relevant systematic re-

views to identify potential eligible studies that were not 

found in our regular database search.

Full- text articles in the English language were included 

if they met the following criteria based on the PICOS prin-

ciple: (1) participants were breast cancer patients or breast 

cancer survivors; (2) the intervention included HIIT with 

a clear description, and high intensities were defined a 

priori as ≥75% of VO2peak, peak heart rate (HRpeak), maxi-

mal heart rate (HRmax), or equivalent rating of perceived 

larger cohorts are needed to determine the clinical significance of HIIT- induced 

changes in terms of other outcomes in women with breast cancer.

K E Y W O R D S
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exertion (RPE) ≥16 on the BORG's 6– 20 scale25; (3) the con-

trol group received UC or MICT26; (4) articles reported the 

outcomes of interest at both pre-  and post- interventional 

time; and (5) the study design was a randomized con-

trolled trial. Additionally, when multiple articles were de-

rived from the same clinical trial, we included the articles 

reporting specific parameters for the first time.

Two investigators (XC and XS) independently reviewed 

the search results. Irrelevant studies were excluded by re-

viewing the title and abstract according to the pre- specified 

selection criteria, and potential articles were selected for 

full- text screening. Any disagreements on eligibility were 

resolved through discussion between the two investiga-

tors. One study including participants with breast cancer 

and other categories of cancers was excluded after our dis-

cussion, because the result would be influenced by other 

cancers.

2.2 | Study quality assessment

The quality of included articles was evaluated by two 

reviewers (XC and XS) separately, utilizing the Revised 

Cochrane risk- of- bias tool for randomized trials (RoB 2),27 

which includes five domains for assessing the risk of bias. 

The algorithm was used to estimate the overall risk of bias 

of each article, which was categorized as high, some con-

cerns, or low. Any discrepancies in the judgment of risk 

of bias were resolved through discussion among the two 

reviewers.

2.3 | Data extraction and 
statistical analysis

Basic information from the included studies was extracted 

into a pre- piloted Microsoft Excel sheet developed based 

on the PICOS principle by XC and XS after full- text read-

ing. The primary outcome was VO2peak, and the second-

ary outcome was other cardiopulmonary fitness indices, 

muscle strength, body composition, blood- borne biomark-

ers, and patient reported outcomes. The two investigators 

independently completed the data extraction and checked 

with each other to reach a consensus.

We conducted meta- analyses on outcomes that were 

reported in two or more studies, and for outcomes that 

were reported in only one study, they will be described in 

the result part. The meta- analyses were performed using 

STATA 16.0, and we calculated the pooled estimate of 

SMD as all outcomes were continuous variables. We used 

Cohen's d to calculate the effect sizes of each endpoint, 

and we employed a random- effects model. We evalu-

ated the heterogeneity using the Chi- squared test and I2 

statistics, and heterogeneity was considered significant 

if the p- value was less than 0.10 or if I2 was greater than 

50%. We presented all combined results as SMD with its 

corresponding 95% confidence interval (95% CI) in the 

table. An SMD that overlapped with zero indicated that 

there was no significant difference between the different 

groups. We utilized Review Manager 5.4 software to gen-

erate the forest plot. For results that were only available in 

figure form in the original articles, we extracted the rele-

vant data using Engauge Digitizer software.

3  |  RESULTS

3.1 | Study selection and characteristics

A total of 429 articles were initially identified from three 

databases in our systematic literature search, as shown in 

Figure 1. Briefly, after removal of duplicates, 243 records 

were screened based on title and abstract, and 32 poten-

tial eligible articles were further examined in full- text. 

Ultimately, 19 articles were included in the systematic 

review.28– 46 In order to avoid duplication, for articles using 

the same study population from a single clinical trial, we 

only extracted information and data that appeared for 

the first time. Consequently, there were overall 10 usable 

studies for meta- analysis.32,33,35,36,39,42– 46 The flow diagram 

outlines the specific reasons for exclusion. A summary 

of main characteristics of included articles is provided in 

Table 1. Details concerning exercise strategies and adher-

ence are available in Table SA2.

Among the 10 studies included in our review, 

a total number of n = 532 participants (mean age 

54.05 ± 9.36 years) were included. Specifically, n = 296 

(52.27 ± 9.49 years), n = 40 (56.66 ± 7.49 years), and n = 196 

(51.57 ± 9.19 years) received HIIT, MICT, and UC, respec-

tively. The duration of HIIT intervention ranged from 6 to 

16 weeks, with an average of 10.4 (3.07) weeks. And the 

average number of weekly HIIT sessions was 2.7 (0.46).

All participants were women with Stage I– III breast 

cancer without metastases, recurrence, or secondary can-

cers at the time of enrollment. Except for two studies that 

recruited patients undergoing chemotherapy36,44 and one 

study that did not specify limitations,33 the other eligible 

participants were mostly breast cancer survivors who had 

completed primary treatment, excluding hormone ther-

apy. All studies excluded participants with cardiovascular 

diseases, hypertension, and any other contraindications to 

the exercise training program.

Intervention compliance was primarily evaluated by 

the percentage of attendance at arranged training ses-

sions, which was generally high for both HIIT and MICT 

groups, except for the study by Mijwel et al., in which the 
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attendance rates of the RT- HIIT and AT- HIIT groups were 

68% and 63%, respectively. Training adherence for HIIT 

ranged from 78.7% to 100%, and for MICT, the rate ranged 

from 79.4% to 98.6%. The overall dropout rate across all 

studies was 8.89% (53/596), with HIIT at 7.59% (24/316), 

MICT at 4.76% (2/42), and UC at 12.22% (27/221). The 

dropout rates of individual studies ranged from a mini-

mum of 0% to a maximum of 14.17% (34/240).35,36

3.2 | Risk of bias assessment

The results of the risk of bias assessment for all included 

studies are presented in Figure  2. The majority of stud-

ies reported a valid randomization procedure, with 

computer- generated allocation sequences. However, two 

studies were assessed as having a high risk of randomi-

zation bias due to the lack of appropriate randomization 

procedures.31,33 It was nearly impossible to blind partici-

pants due to the nature of the interventions, but those 

deviations from the intended interventions were usually 

balanced between groups and therefore were not likely 

to have affected the outcomes. However, in the Optitrain 

trial, there was a significant difference in the decline num-

bers between the intervention and control groups after 

randomization, indicating a high risk of bias for domain 

two.30,31,34,36,41 Three articles focused on patient- reported 

outcomes were assessed as having a high risk of bias in 

the measurement of the outcomes.30,33,41 This was because 

these three articles used self- reported questionnaires to 

exhibit one of their outcomes, and the interventions were 

impossible to keep the participants blinded. The predicted 

influence of the unavoidable bias might overestimate the 

advantages of HIIT slightly. One study was also found to 

have a high risk of reporting bias due to a discrepancy be-

tween the statistical analysis plans.38

3.3 | Intervention effects and 
pooled analysis

The pooled estimates of health- related outcomes between 

HIIT and MICT or UC are summarized in Table 2. Specific 

results that were reported only once will be described in 

a systematic review format to provide a comprehensive 

overview of the findings.

3.3.1 | Physical fitness

Several studies have investigated the impact of HIIT on 

VO2peak. Two studies compared post- intervention VO2peak 

(L/min) in different randomized groups, and the pooled 

result was 0.78 (95% CI 0.12, 1.45; p = 0.02, Figure  3A), 

suggesting that HIIT improves VO2peak (L/min) compared 

to UC.36,43 Four articles focused on the effect of HIIT on 

post- intervention VO2peak (mL/kg/min) between the HIIT 

group and the UC group.35,43,45,46 The pooled result was 

F I G U R E  1  PRISMA flowchart of 

the systematic review process. PRISMA, 

Preferred Reporting Items for Systematic 

Reviews and Meta- Analyses. *Consider, 

if feasible to do so, reporting the number 

of records identified from each database 

or register searched (rather than the total 

number across all databases/registers). 

**If automation tools were used, indicate 

how many records were excluded by a 

human and how many were excluded by 

automation tools.
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0.57 (95% CI 0.01, 1.12; p = 0.04, Figure 3B). However, the 

meta- analysis indicated that there was no significant in-

crease in VO2peak (mL/kg/min) between the HIIT group 

and the MICT group (SMD = −0.05, 95% CI −0.57, 0.47; 

p = 0.47, Figure 3C).35,42,45 In addition, some articles also 

used the difference between post-  and pre- intervention 

VO2peak as their outcome. For instance, Dolan et al. found 

that HIIT could significantly increase VO2peak difference 

(mL/kg/min) [AIT: 11.48 (10.5); CMT: 12.95 (10.4); UC: 

−5.97 (7.2), p < 0.001].32

In terms of physical function, the six- minute walk 

test (6MWT) was a commonly used endpoint for eval-

uating functional performance. Two articles compared 

the results of the 6MWT between the HIIT and control 

groups.43,44 However, the pooled results showed no signif-

icant improvement in the 6MWT after HIIT (SMD = 0.24, 

95% CI −0.82, 1.30; p = 0.663). For the sit- to- stand (STS) 

test, the estimated pooled SMD was 0.23 (95% CI −0.22, 

0.69; p = 0.316). Additionally, Lee et al. utilized the timed 

up and go (TUG) and Margaria– Kalamen stair test, which 

indicated that no significant difference between groups 

was observed in the TUG test (−0.45, 95% CI −1.65, 0.74; 

p = 0.52).44 The results for the stair test showed that the 

time taken in the HIIT group was lower than that in the 

UC group (−1.08, 95% CI −2.49, 0.33; p = 0.013).

Regarding muscle strength, two studies compared 

handgrip strength between the HIIT and UC groups for the 

surgery side.36,43 The estimated pooled SMD was 0.18 (95% 

CI −0.30, 0.66; p = 0.462). Two other studies compared 

strength measured by one- repetition maximum (1RM) 

between the HIIT and control groups.32,43 Significant 

heterogeneity (I2 = 72.2%) was reported, and the pooled 

result overlapped zero (SMD = 0.76, 95% CI −0.28, 1.81; 

p = 0.153). Another study assessed both lower body 

strength (LBS) and upper body strength (UBS), and found 

a significant increase in both HIIT and MICT groups.45 

And ANOVA showed that the increase in LBS was more 

pronounced in the HIIT group than MICT or UC group. 

Additionally, Schulz et al. conducted a combined HIIT/

strength training, and the strength performance (mean 

change of cumulative load 25.9% ± 11.2%) significantly in-

creased in the HIIT group compared to UC.33

As for cardiovascular fitness, Northey et al. examined 

several indices like middle artery mean blood flow veloc-

ity (MCAvmean) and mean arterial pressure (MAP).35 

They found that HIIT had a large effect on these mea-

sures. Another study used brachial artery flow- mediated 

dilation (baFMD) to assess vascular endothelial function 

and found a significant increase in baFMD in the HIIT 

group compared to both the UC group and baseline mea-

surements.29 However, carotid intima media thickness 

(cIMT) showed no significant difference after the inter-

vention (within- group mean change: −0.003 mm, 95% CI S
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−0.004, 0.009; between- group p = 0.23). Additionally, peak 

workload, minute ventilation, and peak heart rate were 

also used to assess cardiovascular fitness, but no signifi-

cant differences were observed either between or within 

groups.42

Moreover, Mijwel et al. conducted a biopsy analysis 

to compare the skeletal muscle fiber characteristics be-

tween cancer patients undergoing HIIT and those in the 

UC group.34 They found that HIIT helped to preserve the 

function and features of muscle fibers, as demonstrated 

by higher citrate synthase activity (HIIT vs. UC: p = 0.005), 

improved activity of oxphos complexes (HIIT vs. UC: 

complex I: p = 0.003; complex II: p = 0.007; complex IV: 

p = 0.004), and greater cross- sectional area (HIIT vs. con-

trol: p = 0.02).

3.3.2 | Body composition

Three studies investigating the effect of HIIT on body mass 

indicated no significant decrease compared to the UC 

group (SMD = −0.51, 95% CI −1.13, 0.11; p = 0.108).30,45,46 

Similarly, the HIIT group showed no significant im-

provement in body mass control compared to the MICT 

group (SMD = −0.08, 95% CI −0.66, 0.50; p = 0.786).42,45 

However, Dolan et al. found that both HIIT and MICT 

could help in body mass control (AIT: −0.67 (1.9); CMT: 

−0.41 (2.08); UC: 1.44 (1.62), p = 0.031).32

Two articles comparing post- intervention fat mass be-

tween the HIIT and the UC group showed an estimated 

SMD of −0.27 (95% CI −0.98, 0.44; p = 0.449).45,46 Similarly, 

only two articles investigated the different effects of HIIT 

and MICT on fat mass, and the results also overlapped 

zero (SMD = −0.29, 95% CI −0.87, 0.29; p = 0.332).42,45

In respect of lean mass, two articles compared the 

effect of HIIT and the UC group, and the pooled result 

showed no significant difference between the two groups 

(SMD = 0.32, 95% CI −0.20, 0.83; p = 0.227).45,46 Two arti-

cles comparing HIIT and MICT also showed no significant 

difference (SMD = 0.13, 95% CI −0.45, 0.71; p = 0.66).42,45

Waist and hip circumference were also used to assess 

body composition, and Dolan et al. found that these indi-

ces decreased significantly in the HIIT group compared 

to the UC group.32 The appendicular lean muscle index 

did not show any significant differences either between 

groups or within groups.

3.3.3 | Blood- borne biomarkers

The impact of HIIT on blood- borne biomarkers has 

been investigated by several studies. Three articles re-

ported on the effect of HIIT on IL- 6 levels compared to 

UC, with a SMD estimate of −0.72 (95% CI −1.81, 0.38; 

p = 0.198).31,39,45 Additionally, these three articles indi-

cated that HIIT had an effect on IL- 10 levels compared to 

F I G U R E  2  Bias evaluation of all included studies by the RoB 2 (risk of bias) evaluation tool. UC, usual care; MICT, moderate- intensity 

continuous training; HIIT, high- intensity interval training.
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T A B L E  2  The pooled estimates of health- related outcomes between HIIT and MICT or UC.

Category Outcomes Comparative

Study 

number

Case 

number SMD (95% CI) p- value*

Heterogeneity

I2, % p

Physical fitness VO2peak (L/min) UC 2 176 0.79 (0.13, 1.45) 0.020* 72.4 0.057

VO2peak (mL/kg/min) UC 4 143 0.59 (0.01, 1.16) 0.047* 61.1 0.052

VO2peak (mL/kg/min) MICT 3 57 −0.05 (−0.58, 0.47) 0.839 0 0.473

Handgrip strength 

(surgery site)

UC 2 176 0.18 (−0.30, 0.66) 0.462 51.7 0.150

Strength 1RM UC 2 66 0.76 (−0.28, 1.81) 0.153 72.2 0.058

6MWT UC 2 74 0.24 (−0.82, 1.29) 0.663 79.7 0.027

STS test UC 2 74 0.23 (−0.22, 0.69) 0.316 0 0.399

Body composition Body mass UC 3 219 −0.51 (−1.13, 0.11) 0.108 76.4 0.015

Body mass MICT 2 46 −0.08 (−0.66, 0.50) 0.786 0 0.561

Fat mass UC 2 87 −0.27 (−0.98, 0.44) 0.449 59.2 0.117

Fat mass MICT 2 46 −0.29 (−0.87, 0.29) 0.332 0 0.833

Lean mass UC 2 87 0.32 (−0.20, 0.83) 0.227 26.6 0.243

Lean mass MICT 2 46 0.13 (−0.45, 0.71) 0.659 0 0.729

Blood- borne 

biomarkers

IL- 6 UC 3 131 −0.72 (−1.81, 0.38) 0.198 88.2 0.000

IL- 10 UC 3 131 −0.54 (−1.74, 0.66) 0.376 90.2 0.000

Abbreviations: 6MWT, six- minute walk test; CI, confidence interval; HIIT, high- intensity interval training; IL, interleukin; MICT, moderate- intensity 

continuous training; RM, repetition maximum; SMD, standard mean difference; STS, sit- to- stand; UC, usual care; VO2peak, peak oxygen uptake.

*p < 0.05 indicates statistical significance.

F I G U R E  3  (A) Effect of HIIT and UC intervention on peak oxygen uptake (VO2peak) (L/min). (B) Effect of HIIT and UC intervention 

on VO2peak (mL/kg/min). (C) Effect of HIIT and MICT intervention on VO2peak (mL/kg/min). UC, usual care; MICT, moderate- intensity 

continuous training; HIIT, high- intensity interval training.
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UC, with a pooled SMD estimate of −0.54 (95% CI −1.74, 

0.66; p = 0.376).

However, Dolan et al. explored other blood- borne bio-

markers and observed no significant differences in insu-

lin, glucose, or hs- CRP levels between groups.32 Lee et al. 

demonstrated a significant within- group decrease in ma-

trix metalloproteinases- 9 levels following HIIT interven-

tion [104.3 (51.9)– 65.2 (69.1); −37.4%; p = 0.01; d = 0.20].40

Hiensch et al. compared a large cluster of blood- 

borne biomarkers between and within groups.31 The re-

sults showed that FasL and CXCL9 levels increased after 

HIIT intervention (FasL: Mean = 0.31, 95% CI 0.13, 0.48; 

p < 0.05; CXCL9: Mean = 0.66, 95% CI 0.32, 1.00; p < 0.05), 

and the levels of CD40- L, EGF, CCL17, and CASP- 8 at-

tenuated significantly after UC, while the levels of TRAIL, 

DCN, ISOSLG, CSF- 1, FasL, and CXCL9 increased in the 

UC group. However, there was no significant difference 

between HIIT intervention and UC in terms of all inflam-

matory markers.

Moghadam et al. reported significant reductions in 

TNF- α and leptin levels in both the HIIT and MICT groups, 

while adiponectin levels were significantly increased in 

both groups.45 Further ANOVA analysis revealed that the 

reduction in TNF- α and leptin levels was more prominent 

in the HIIT group.

Alizadeh et al. monitored serum microRNA (miR) 

levels in patients undergoing hormone therapy.37 They 

found that the expression levels of cancer- related miRs 

(oncomiRs) decreased in the HIIT group (miR- 21: 25 

[0.5]; p = 0.018; miR- 155: 1.3 [0.4]; p = 0.005; miR- 27a: 

1.5 [0.02]; p = 0.037; miR- 10b: 1.95 [0.6]; p = 0.031), while 

the level of miR- 221 was not significantly influenced by 

HIIT (2.8 [0.4]; p = 0.137). The study also found that the 

levels of several tumor suppressor miRs (TsmiRs) were 

upregulated after HIIT (miR- 206: 3.01 [0.5]; p = 0.008; 

miR- 145: 6.9 [0.2]; p = 0.001; miR- 143: 6.1 [0.5]; p = 0.023; 

let- 7a: 2.6 [0.25]; p = 0.036), except for miR- 9 (4.3 [0.5]; 

p = 0.566).

3.3.4 | Patient- reported outcomes

Several studies have used patient- reported outcome meas-

ures to evaluate the effects of HIIT on cancer patients. 

Mijwel et al. compared cancer- related fatigue (CRF) be-

tween HIIT and UC group using the Piper Fatigue Scale 

(PFS).30 Self- reported results showed that CRF increased 

significantly in the UC group compared with the HIIT 

group. Similarly, Ochi et al. used various assessment tools, 

including the Global Physical Activity Questionnaire and 

Cancer Fatigue Scale to evaluate patient- reported out-

comes.43 They found that HIIT could benefit breast cancer 

patients in terms of fatigue (ES = 0.50, p = 0.09).

HRQoL was measured by the European Organization 

for Research and Treatment of Cancer Quality of Life 

Questionnaire (EORTC- QLQ- C30), and Mijwel et al. 

found that emotional function was higher in the HIIT 

group, while negative physical function and pain scores 

were relatively lower.30 In line with the emotional bene-

fits, Schulz et al. measured anxiety and depression with 

the Hospital Anxiety and Depression Scale (German 

Version) and found that HIIT could decrease both anx-

iety and depression levels.33 Additionally, Northey et al. 

measured cognitive performance with the CogState bat-

tery and found that the HIIT group had moderate to large 

effect sizes for executive function and working memory.35

Symptoms and symptom burden were measured by 

the Memorial Symptom Assessment Scale (MSAS) after 

a 16- week intervention of AT- HIIT or RT- HIIT in the 

Optitrain trial.30,41 Mijwel et al. found that the score in the 

UC group increased significantly, while the score in the 

HIIT group stayed unchanged. Moreover, at the end of the 

12- month follow- up, Wiggenraad et al. once again applied 

MSAS to assess burdensome symptoms in the emotional, 

treatment- related toxicity, and physical dimensions. They 

reported that the score of “feeling sad” in the emotional 

dimension was lower in the HIIT group compared with 

UC after the intervention (−0.13, 95% CI −0.23, −0.03; 

p < 0.05), and the score of “feeling irritable” in the emo-

tional dimension was also lower in the HIIT group (−0.20, 

95% CI −0.34, −0.07; p < 0.05). No other significant differ-

ences were found.

Furthermore, Lee et al. used the Functional Assessment 

of Cancer Therapy- Breast Cancer (FACT- B), 15- item 

Five- Facet Mindfulness Questionnaire (FFMQ- 15), and 

Multidimensional Fatigue Inventory with 20 questions 

(MDFI- 20) to assess patient- reported outcomes.44 The 

results showed that only the score on FACT- B physical, 

functional, and total well- being decreased significantly in 

the UC group, while no significant difference was found 

between groups after the intervention.

4  |  DISCUSSION

The objective of this systematic review and meta- analysis 

was to investigate the potential beneficial effects of HIIT 

on health- related outcomes in breast cancer patients com-

pared to MICT and UC groups. Our pooled analysis of 10 

RCTs indicated that HIIT led to a significant improve-

ment in cardiorespiratory fitness (VO2peak) compared 

to the UC group, but no significant differences were ob-

served between the MICT group and HIIT. Moreover, no 

significant differences were found in other physical fitness 

indices, body composition, and blood- borne biomarkers 

between the MICT and UC groups. Furthermore, based 
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on our systematic review, it was observed that HIIT may 

also enhance muscle strength, reduce CRF, and allevi-

ate emotional symptoms, although further empirical evi-

dence is still required. In the subsequent sections, we will 

interpret and summarize the findings, as well as discuss 

future directions for investigating the effects of HIIT in 

breast cancer patients.

4.1 | Outcomes interpretations

For physical fitness, in terms of cardiorespiratory func-

tion, our pooled results revealed that HIIT led to signifi-

cantly greater improvements in VO2peak compared to UC, 

while the difference between HIIT and MICT was negligi-

ble. These findings align with previous systematic reviews 

and meta- analyses that have demonstrated the positive 

effects of HIIT on cardiorespiratory fitness in cancer pa-

tients and survivors across various cancer types, including 

lung cancer and mixed types.21,22,26,47,48 Improved cardi-

orespiratory fitness, as measured by VO2peak, is clinically 

important as it has been widely accepted as a strong pre-

dictor of decreased total cancer mortality risk and better 

health outcomes.49,50 Our findings suggest that both HIIT 

and MICT can help prevent the decline in cardiorespira-

tory fitness during breast cancer treatment or aftercare.

We found that the performance of physical function 

tests did not differ between the HIIT and UC groups, as 

the two relevant studies generated opposite results.43,44 

However, with respect to muscle strength, all three trials 

that investigated the indicators of lower limb strength 

elicited a significant increase in the HIIT group.32,43,45 

These results are consistent with a review suggesting that 

HIIT could improve lower limb strength in healthy older 

adults.51 Previous studies have shown that lower body 

strength in breast cancer patients during or after chemo-

therapy treatment is lower than the norms in the general 

population and is correlated with an increased risk of falls 

and fractures.52,53 Therefore, we suggest that HIIT is ben-

eficial for preventing sarcopenia and reducing the risk of 

falls in the breast cancer population.53,54 Moreover, Schulz 

et al. observed significant improvements in strength ca-

pacity among breast cancer patients who underwent a 

combination of HIIT and standard strength training.33 

Although distinguishing the isolated effects of HIIT from 

those of strength training presents a challenge, this study 

serves as an inspiration for further investigation, which 

should compare the effects of HIIT plus resistance train-

ing versus strength training alone to determine whether 

the combination of HIIT and strength training yields syn-

ergistic effects in improving muscle strength.

Meanwhile, multiple indices were utilized to evalu-

ate the effects of HIIT on cardiovascular fitness. In one 

study, an 8- week HIIT intervention resulted in significant 

improvements in baFMD and the maintenance of cIMT 

in breast cancer patients receiving anthracycline- based 

chemotherapy, compared to significant reductions in 

baFMD and increases in cIMT in patients not receiving 

HIIT.29 However, in two other studies involving breast 

cancer survivors, there were no significant differences 

in cardiovascular- related outcomes between the HIIT 

and UC groups.35,42 It is well- known that anthracyclines 

negatively alter vascular endothelial function and wall 

thickness, leading to cardiovascular diseases.55– 57 Thus, 

the reason for this discrepancy may be that patients un-

dergoing chemotherapy were more negatively influenced 

by anthracycline, and HIIT partially offset the drug side- 

effects. Collectively, we suggest that initiating HIIT exer-

cise as early as possible after diagnosis, particularly during 

chemotherapy, can yield enhanced benefits for breast 

cancer patients compared to commencing exercise after 

treatment. This hypothesis aligns with the primary rec-

ommendation for physical activity as outlined in the ACS/

ASCO 2016 Breast Cancer Survivorship Care Guideline.12

Only three studies have investigated the effects of 

HIIT on body composition,30,45,46 and our pooled analy-

sis showed no significant differences between HIIT and 

control groups in terms of body mass, fat mass, or lean 

mass. However, all three studies reported significant dif-

ferences in body mass, indicating that HIIT prevented 

body weight increase compared to UC group. The incon-

sistency in findings may be explained by the differences 

in statistical methodology and huge heterogeneity. In our 

meta- analysis, we compared post- intervention results be-

tween groups, while two studies only compared within- 

group differences across the HIIT and control groups. 

Furthermore, the risk of bias assessment revealed that 

the baseline characteristics of the three studies may not 

be completely comparable since the p values were not 

reported, which may have affected the pooled results. In 

contrast to our findings, a recent review on the effects of 

HIIT in cancer patients found significant reductions in fat 

mass after HIIT intervention.26 However, this review in-

cluded patients with mixed types of cancer, and the results 

may not be generalizable to breast cancer patients.

Numerous studies have examined changes in 

blood- borne biomarkers resulting from HIIT interven-

tions31,32,37,39,40,45; however, the heterogeneity of indices 

across studies has hindered further pooled analysis. Three 

studies monitored the levels of both IL- 6 and IL- 10, and the 

estimated pooled results indicated no significant difference 

between HIIT and UC groups.31,39,45 While clusters of in-

dices such as inflammatory markers and microRNAs have 

been assessed,31,37 a large proportion of between- group 

analyses failed to identify any significant differences. Only 

one study observed significantly decreased levels of TNF- α 
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and leptin and increased adiponectin concentration in the 

HIIT group,45 which has been associated with a lower risk 

of obesity and breast cancer mortality.58,59 The importance 

of HIIT for breast cancer patients may stem in part from 

its anti- inflammatory mechanisms, achieved through the 

down- regulation of pro- inflammatory factors such as IL- 

6, and the up- regulation of anti- inflammatory factors like 

IL- 10 and TNF- α. This significance arises from the direct 

association between inflammation and tumor growth, as 

well as the potential protective effects against chemotoxic-

ity and treatment- related cardiovascular toxicity.

Six studies investigated patient- reported outcomes, in-

cluding HRQoL and CRF.30,33,35,41,43,44 However, the use 

of heterogeneous evaluation tools prevented quantitative 

synthesis between studies. While two studies found that 

HIIT could benefit breast cancer patients in terms of fa-

tigue,30,43 another study reported no significant between- 

group difference was spotted.44 HRQoL was also a notable 

outcome assessed by five studies,30,33,35,41,44 and the results 

favored HIIT in terms of improved emotional well- being, 

including alleviated symptoms of anxiety, depression, 

sadness, irritation, poor working memory, and increased 

executive function compared to the UC group. The physi-

cal and psychological decline caused by cancer or cancer 

treatment- related factors is strongly linked to impaired 

HRQoL.60,61 Our findings are consistent with two concur-

rent reviews, which suggest that HIIT may have positive 

effects on CRF and HRQoL for cancer patients.26,48 The 

positive effects of HIIT on patient- reported outcomes were 

evident across various assessment scales, as indicated 

by the findings of our systematic review. Encouraging 

patients to engage in HIIT during treatment is of impor-

tance, as it can help prevent a progressive decline in their 

overall health and well- being.

4.2 | Study limitations

This study presents the first meta- analysis results examin-

ing the effects of HIIT in breast cancer patients, covering a 

broad range of health- related outcomes to provide a com-

prehensive review. However, there are several limitations 

that should be taken into account when interpreting the 

findings. Firstly, the number of studies included was rela-

tively low, and some articles were based on a same clini-

cal trial. Secondly, due to the scarcity of RCTs focusing on 

HIIT in breast cancer patients, the quality of randomized 

control trials was not strictly controlled, which could have 

introduced potential bias. Thirdly, the stage, subtype, and 

treatment of breast cancer patients were heterogeneous, 

which may impact the generalizability of the findings. 

Fourthly, while we analyzed numerous health- related 

outcomes, some specific indices were only available in a 

limited number of articles, and a large proportion of these 

indices could not be combined, leading to the application 

of qualitative analysis and preventing further sensitivity 

or subgroup analysis.

4.3 | Future orientations

While this study supports the benefits of HIIT in breast 

cancer patients in terms of VO2peak, further RCTs are 

still necessary to substantiate this crucial significance in 

larger cohorts. Given the small sample size and inconsist-

ent results observed for other health outcomes, additional 

evidence is warranted to determine the effects of HIIT on 

physical function, cardiovascular fitness, body composi-

tions, blood- borne biomarkers and patient- reported out-

comes in breast cancer patients.

In particularly, greater attention should be directed to-

wards body composition. Women with breast cancer com-

monly gain about 5 kg body weight during chemotherapy, 

and few return to their pre- diagnosis weight.62 Since weight 

gain is associated with comorbidities and recurrence,63 

maintaining pre- diagnosis weight is of major importance. 

Previous reviews have demonstrated that HIIT significantly 

reduced fat mass and body weight in overweight or obese 

adults.64,65 However, few studies have focused on examin-

ing body composition changes during and after HIIT in-

tervention specifically in breast cancer patients. Therefore, 

further research on these outcomes is necessary.

Moreover, we observed a lack of uniformity in the indi-

ces utilized to assess physical function and cardiovascular 

fitness, as well as significant heterogeneity in blood- borne 

biomarkers and HRQoL assessment tools. Consequently, 

there is a need to develop a standardized study protocol or 

guideline to effectively address this issue. Additionally, as 

previously discussed, the hypothesized anti- inflammatory 

mechanisms of HIIT may potentially offer protective ef-

fects against treatment- related cardiovascular toxicity. 

To gain a deeper understanding of the molecular mech-

anisms involved, it is recommended to conduct further 

investigations on blood- borne biomarkers and their cor-

relations with cardiovascular fitness indices.

In terms of participant selection, future studies should 

consider dividing breast cancer patients into two groups: 

those undergoing chemotherapy and survivors. Given 

that adjuvant therapies (chemotherapy, radiotherapy, and 

hormone therapy) can negatively impact health outcomes 

and have long- lasting effects, it is important to differenti-

ate the effect size of HIIT between these two conditions. 

Furthermore, exploring the effectiveness of HIIT across 

different cancer types and treatment time points should be 

considered as a future direction in the field of supportive 

medicine in cancer care.
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5  |  CONCLUSIONS

Our study suggests that HIIT is an effective alternative 

strategy to MICT, leading to significant improvements in 

VO2peak as compared to UC. HIIT may also improve mus-

cle strength and alleviate CRF and emotional symptoms. 

However, the evidence is limited regarding the effects of 

HIIT on other outcomes. We recommend that HIIT could 

be considered as a feasible exercise intervention for breast 

cancer patients during and after treatment. Further stud-

ies with larger cohorts are needed to determine the clinical 

significance of HIIT- induced changes in body composi-

tion, cardiovascular fitness, and blood- borne biomarkers 

in women with breast cancer.
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