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Background: Advances in cancer treatment have led to a significant increase in the global number of cancer survivors. However, long-term health management challenges—such as reduced cardiopulmonary function, cancer-related fatigue, and metabolic dysregulation—remain formidable. The purpose of this study was to conduct a meta-analysis of randomized controlled trials (RCTs) to comprehensively compare the effects of high-intensity interval training (HIIT) versus moderate-intensity continuous training (MICT) on Cardiopulmonary function, body composition, and physical function in cancer survivors. Thereby providing evidence-based guidance for individualized exercise prescriptions.Methods: By the PRISMA guidelines, we systematically searched databases including PubMed, Web of Science, Scopus, Embase, the Cochrane Library, and EBSCOhost up to February 2025. A total of 12 eligible RCTs were included, breast cancer (n = 7), colorectal cancer (n = 3), and mixed cancer types (n = 2). Meta-analysis was performed using Cochrane Collaboration’s Review Manager 5.4, while sensitivity analyses were conducted with Stata MP 14.0 to assess the stability and reliability of the results. Egger’s test was utilized to evaluate the presence of publication bias.Results: The meta-analysis revealed that, compared with MICT, HIIT was significantly more effective in improving VO2 peak (Peak Oxygen Uptake) in cancer survivors [SMD = 0.53, 95% CI (0.21, 0.84), Z = 3.30, P = 0.001]. However, no statistically significant differences were found between HIIT and MICT in terms of body composition (including Body Mass, Total Fat Mass, Lean Body Mass, Fat Percentage, Body Mass Index, Waist Circumference, and Hip Circumference) or physical function (including Sit-to-Stand Test and 6-Minute Walk Test).Conclusion: HIIT appears superior to MICT in enhancing VO2 peak and, consequently, cardiopulmonary function in cancer survivors. Nonetheless, both training modalities yield comparable outcomes in body composition and physical function. Given the variability in the quantity and quality of the included studies, further well-designed and objective RCTs are warranted to validate these findings.Systematic Review registration: https://www.crd.york.ac.uk/PROSPERO/myprospero, identifier CRD420250654968.Keywords: HIIT, MICT, cancer survivors, cardiopulmonary function, body composition, physical function, meta-analysis
1 INTRODUCTION
Cancer is a group of diseases characterized by abnormal cell growth. It has become a major social, public health, and economic issue in the 21st century, and is one of the deadliest diseases worldwide, claiming millions of lives each year (Matthews et al., 2022). Statistics indicate that approximately one in five men or women will develop cancer during their lifetime, with about one in nine men and one in every twelve women succumbing to the disease (Bray et al., 2024; Xiong et al., 2024). However, with advances in early cancer screening and treatment techniques, the global number of cancer survivors has increased significantly (Costa et al., 2020; He et al., 2024). Cancer survivors are defined as individuals who survive during or after cancer treatment (Denlinger and Barsevick, 2009; Denlinger et al., 2014). Although the number of cancer survivors continues to rise and the quality of care has improved markedly, these individuals may still experience severe complications, cancer recurrence-associated mortality, and treatment-related adverse events (Chen et al., 2024). The primary treatment modalities for cancer survivors include surgery, chemotherapy, radiotherapy, and immunotherapy. However, these treatments are often accompanied by severe side effects, such as reduced cardiopulmonary function, muscle atrophy, fatigue syndrome, and psychological disorders, which significantly impair the long-term quality of life (Jereczek-Fossa et al., 2002; von Kemp and Cosyns, 2023).
Conventional cancer treatments mainly cover radiotherapy, surgery, and chemotherapy. Although a wide range of chemotherapeutic agents exist, their effectiveness is limited by several factors (Xu et al., 2023; Xu et al., 2024). Therefore, Mokashi et al. researched and explored novel phytonutrients and herbal materials as potential treatments based on Ayurvedic medicine (Mokashi and Bhatia, 2024). Zhang developed an image recognition program using AI techniques that was able to extract implicit information from a human face and effectively differentiate between a cancer patient and a healthy individual. The study revealed that the physiological basis of the AI observer lies in the close link between craniofacial genes and cancer susceptibility genes (Zhang et al., 2022). Guo et al. proposed that physical stimulation modulates the tumor microenvironment by altering the tumor vasculature system, remodeling the extracellular matrix, and activating the immune response, to achieve the goal of adjuvant to other tumor therapies (Guo et al., 2024). Additionally, a study by Luo et al. noted that leisure-time physical activity, defined as non-specific physical activity with an intensity of three or more metabolic equivalents across a range of activities, significantly reduces cancer risk and delays progression in patients (Luo et al., 2024).
Some studies have indicated that exercise, as a non-pharmacological intervention, has profound effects on improving chronic diseases related to metabolic syndrome, cardiovascular and pulmonary disorders, musculoskeletal and joint conditions, as well as cancer (Pedersen and Saltin, 2006; Mitchell and Barlow, 2011). Moreover, exercise interventions have been shown to effectively enhance the physiological function of cancer survivors, alleviate treatment-related toxicities, and reduce the risk of recurrence (Daum et al., 2016; Furmaniak et al., 2016; Schmitt et al., 2016; Cramer et al., 2017; Mustian et al., 2017; Hilfiker et al., 2018; Nakano et al., 2018; Yang et al., 2020) Previous research has demonstrated that physical activity can significantly increase peak oxygen uptake (VO2 peak) in cancer survivors (Lee et al., 2019; Foulkes et al., 2023).
For most cancer survivors, lack of time and difficulties in maintaining regular exercise are common barriers to participation (Elshahat et al., 2021; Cariolou et al., 2023). High-intensity interval training (HIIT), as a structured and enhanced form of interval training involving short bouts of high-intensity exercise, is a time efficient approach (Weston et al., 2014; Batacan et al., 2017). HIIT fits the current situation of cancer survivors’ lack of time due to its time efficiency, which may be one of the reasons for its high adherence, e.g., Isanejad et al. reported that exercise adherence in the HIIT group was superior to that of the MICT group (participation rate: 98% vs. 92%) (Isanejad et al., 2023). Dolan et al. showed that the adherence rate in the HIIT group was 100% compared to approximately 91.67% in the MICT group (Dolan et al., 2016). Additionally, Devin et al. noted that the intervention completion rates for the HIIT and MICT groups were 94.7% and 89.5%, respectively (Devin et al., 2018). In addition, studies have shown that HIIT is more enjoyable than low or moderate-intensity aerobic exercise, and this enjoyment enhances participants’ motivation to exercise, which in turn has a positive impact on compliance (Bartlett et al., 2011; Gillen and Gibala, 2014; Thum et al., 2017). Bartlett et al. showed higher ratings of post-exercise perceived enjoyment after interval running compared to continuous running (p < 0.05) (Bartlett et al., 2011). Although some studies have shown higher adherence to HIIT, the results of these studies may be confounded by several factors, such as the study by Hooshmand Moghadam et al. which showed that the adherence rate in both the HIIT group and the MICT group was approximately 86.67% (Hooshmand Moghadam et al., 2021). Therefore, the results of the study need to be interpreted with caution as exercise adherence in cancer patients is influenced by multidimensional factors such as exercise intensity, psychological support, and individual health status.
Some evidence suggests that HIIT is associated with more pronounced improvements in VO2 peak and certain metabolic parameters while requiring less time compared to MICT (Gibala et al., 2014). However, other studies have indicated that HIIT does not result in greater enhancements in VO2 peak than MICT (Bell et al., 2021). The differences between HIIT and MICT in terms of cardiopulmonary health and vascular function appear to be minimal (Weston et al., 2014; Milanović et al., 2015; Ramos et al., 2015). One meta-analysis found no significant difference in VO2 peak between HIIT (n = 56) and MICT (n = 43) (p = 0.15) (Wallen et al., 2020). Moreover, there is a paucity of meta-analyses comparing the effects of HIIT and MICT in cancer survivors. Therefore, the primary objective of this systematic review and meta-analysis was to evaluate the effects of HIIT versus MICT in cancer survivors, with VO2 peak as the primary outcome and body composition and physical function as secondary outcomes.
2 METHODS
This systematic review was registered with the International Prospective Register of Systematic Reviews (registration number: CRD420250654968). This systematic review and meta-analysis were conducted by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines.
2.1 Search strategy
A comprehensive search was conducted in databases including PubMed, Web of Science, Scopus, Embase, the Cochrane Library, and EBSCOhost, covering the period from their inception to February 2025. The search was limited to articles published in English. Reference management was performed using EndNote (version X9). In addition to investigating the effects of HIIT and MICT on cancer survivors, reference tracking was also conducted for previously published trials and meta-analyses in this field.
The search strategy involved the use of Medical Subject Headings (MeSH terms), including “Cancer Survivors,” “High-Intensity Interval Training,” and “Randomized Controlled Trial,” as well as their free-text equivalents. Non-MeSH terms such as “Moderate-Intensity Continuous Training” and their synonyms were also employed, combined using Boolean operators. The article search was primarily conducted by two authors, HM and YLL. In cases of disagreement, a third author, PCG, was consulted to reach a consensus. All analyses were based on previously published studies; therefore, neither ethical approval nor informed consent from patients was required (Supplementary Table S1).
2.2 Inclusion and exclusion criteria
2.2.1 Inclusion criteria

(1) Language: Studies published in English only.
(2) Participants: Adult cancer survivors.
(3) HIIT Group: Supervised or unsupervised HIIT (clearly defined high-intensity interval protocols, such as 80%–95% of maximum heart rate).
(4) MICT Group: Supervised or unsupervised MICT (moderate-intensity continuous training, such as 50%–70% of maximum heart rate).
(5) Outcomes: Cardiovascular function, body composition, and physical function.
(6) Study Design: Randomized controlled trials (RCTs).
2.2.2 Exclusion criteria

(1) Non-randomized studies, animal experiments, or studies with mixed interventions that did not distinguish between HIIT and MICT.
(2) Studies lacking quantitative results or relevant outcome measurements.
(3) Studies with incomplete data or those for which the full text was unavailable.
(4) Studies involving multimodal exercise interventions (such as HIIT combined with resistance training).
2.3 Data extraction
In the initial search, all references were imported into EndNote (version X9). After removing duplicates, studies unrelated to the topic were excluded based on their titles. Further screening was conducted by reviewing abstracts and full texts. The extracted information included basic details (author, publication year, country, cancer type, gender, age, and sample size) and study characteristics (type of intervention, intervention frequency, intervention measures, duration, intensity, and outcome measures). For all groups, the mean changes from baseline and the standard deviations (SDs) of these changes, as well as the number of participants at each assessment, were extracted. In case of missing ending data, priority was given to obtaining the original data by contacting the original authors, and if this was not possible, reasonable extrapolations were made from the available data. If there was a situation where key data were missing altogether and the data could not be obtained, the study was deleted. If variables were reported at multiple time points during the intervention, only pre- and post-intervention time points were included. The primary outcome was VO2peak, and the secondary outcomes were body composition and physical function. Data extraction and summary were performed by two authors (HM and YLL). In cases of disagreement, a third author (PCG) was consulted to reach a decision.
2.4 Risk of bias
The risk of bias for the included RCTs was assessed using the Cochrane Collaboration’s Risk of Bias 2 tool (RoB 2; version 2). This tool evaluates potential bias across five domains: the randomization process, deviations from intended interventions, missing outcome data, measurement of outcomes, and selection of the reported results. A study was judged to have a “low risk of bias” if all domains were rated as low risk. If at least one domain was rated as “some concerns,” the study was judged to have “some concerns.” A study was considered to have a “high risk of bias” if at least one domain was rated as high risk or if ≥3 domains were rated as “some concerns.” The risk of bias was independently assessed by two researchers (PCG and YLL). Any disagreements were resolved through consensus or, if necessary, by consulting a third researcher (HM).
2.5 Data analysis
Meta-analysis was conducted using Review Manager 5.4 software provided by the Cochrane Collaboration. Statistical significance was defined as a p-value <0.05. Since all outcomes were continuous variables, the standardized mean difference (SMD) and 95% confidence intervals (95% CI) were calculated. Heterogeneity was assessed using the I2 statistic. An I2 > 50% was considered to indicate significant heterogeneity. A random-effects model was used when I2 ≥ 50%, and a fixed-effects model was applied when I2 < 50%. If heterogeneity was substantial (I2 ≥ 50%), subgroup analysis or sensitivity analysis was performed to interpret the results. Differences between groups were considered not significant if the SMD overlapped with zero. Stata MP 14.0 software was used for sensitivity analysis to determine the stability and reliability of the results. Egger’s test was employed to assess potential publication bias.
3 RESULTS
3.1 Search outcomes
The initial search yielded 413 articles, including 12 from PubMed, 19 from Web of Science, 13 from Scopus, 10 from Embase, 12 from Cochrane Library, and 347 from EBSCOhost. After removing 35 duplicate studies using EndNote, 287 articles were excluded based on their titles. According to the inclusion and exclusion criteria, 56 articles were removed after the abstract screening. Full-text review led to the exclusion of 26 studies, including 8 due to inconsistent interventions, 3 for missing data, 8 that were abstract-only, 5 research reviews, and 2 due to inconsistencies in research subjects. Additionally, 23 articles were identified through website and citation searching. After reviewing and excluding duplicates and non-relevant studies, 3 articles were included in the meta-analysis. Ultimately, 12 studies met the eligibility criteria and were included in the analysis (Figure 1).
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3.2 Characteristics of the studies
From 2015 to 2023, a total of 12 studies were included in the meta-analysis: 1 from New Zealand (Bell et al., 2021), 6 from Australia (Devin et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Northey et al., 2019; Toohey et al., 2020), 1 from Canada (Dolan et al., 2016), 2 from Iran (Hooshmand Moghadam et al., 2021; Isanejad et al., 2023), 1 from the United States (Moraitis et al., 2023), and 1 from Germany (Schmitt et al., 2016). The sample sizes ranged from 7 to 47 participants, with ages varying between 39 and 75 years. Based on cancer types, 7 studies focused on breast cancer survivors (Dolan et al., 2016; Schmitt et al., 2016; Northey et al., 2019; Toohey et al., 2020; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023), 3 studies targeted colorectal cancer survivors (Devin et al., 2016; Devin et al., 2018; Moraitis et al., 2023), and 2 studies included mixed types of cancer survivors (Toohey et al., 2016; Toohey et al., 2018). The exercise duration varied from 3 to 12 weeks, with a frequency of 2–5 days per week, predominantly 3 days per week. The duration of each session ranged from 10 to 75 min (Supplementary Table S2).
3.3 Risk of bias assessment
According to the assessment based on Cochrane RoB2, we found that 4 studies (Schmitt et al., 2016; Toohey et al., 2020; Bell et al., 2021; Isanejad et al., 2023) showed some concerns of bias, while 8 studies (Devin et al., 2016; Dolan et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Northey et al., 2019; Hooshmand Moghadam et al., 2021; Moraitis et al., 2023) were at high risk of bias. In terms of “Bias arising from the randomization process”, 8 studies (Devin et al., 2016; Dolan et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Northey et al., 2019; Hooshmand Moghadam et al., 2021; Moraitis et al., 2023) presented some concerns due to the lack of clear descriptions of the randomization process and allocation concealment methods. For “Bias due to deviations from intended intervention”, all studies (Devin et al., 2016; Dolan et al., 2016; Schmitt et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Northey et al., 2019; Toohey et al., 2020; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023; Moraitis et al., 2023) might have been subjected to performance bias as neither participants nor researchers implemented blinding. Regarding “Bias due to missing outcome data”, 1 study (Moraitis et al., 2023) exhibited some concerns as the proportion of missing participants exceeded 10%. In “Bias in measurement of the outcome”, 8 studies (Devin et al., 2016; Dolan et al., 2016; Schmitt et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Northey et al., 2019; Bell et al., 2021) had some concerns mainly because it was unclear whether the outcome assessors were blinded to group allocation. Concerning “Bias in selection of the reported result”, 3 studies (Dolan et al., 2016; Devin et al., 2018; Isanejad et al., 2023) showed some concerns due to the absence of information on whether the study protocol was pre-registered (Supplementary Table S3).
3.4 Meta-analysis
3.4.1 Cardiopulmonary function
3.4.1.1 VO2 peak
Since among the 12 studies, only 7 involved the analysis of VO2 Peak, Therefore, Seven studies (Devin et al., 2016; Dolan et al., 2016; Devin et al., 2018; Northey et al., 2019; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023) were included in the analysis of the effects of HIIT and MICT on VO2 Peak in cancer survivors. Among these, 92 participants were assigned to the HIIT group and 78 participants to the MICT group. The analysis revealed a significant difference in VO2 Peak between HIIT and MICT [SMD = 0.53, 95% CI (0.21, 0.84), Z = 3.30, P = 0.001], with no heterogeneity observed (I2 = 0%). The effect of the HIIT group was significantly greater than that of the MICT group (Figure 2A).
[image: Figure 2]FIGURE 2 | HIIT versus MCIT with Cardiopulmonary function (A) The forest plot of the VO2 peak (B) Sensitivity analysis of the VO2 peak (C) Subgroup analysis of the VO2peak (D) The forest plot of the Heart Rate (E) The forest plot of the Resting Heart Rate.
3.4.1.2 Sensitivity analysis
Allows for the evaluation of the robustness and reliability of results by systematically removing individual studies to assess their impact on the overall findings. In the sensitivity analysis, we found that even after excluding individual studies, the effect of HIIT and MICT on VO2 Peak in cancer survivors remained significant, and the results of the original meta-analysis did not significantly change due to variations in the number of studies. This indicates the robustness of the results (Figure 2B).
3.4.1.3 Publication bias analysis
To assess publication bias, we performed Egger’s linear regression test. The results showed a P-value of 0.75, which is greater than 0.5, indicating that there is no significant publication bias according to Egger’s linear regression analysis.
3.4.1.4 Subgroup analysis
Five studies (Dolan et al., 2016; Northey et al., 2019; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023) included breast cancer survivors, totaling 100 subjects. Results showed an improvement in VO2 peak in the HIIT group [SMD = 0.39, 95% CI (−0.02, 0.79), Z = 1.88, P = 0.06], the difference did not reach significance and was lower than the overall effect (SMD = 0.53). 2 studies (Devin et al., 2016; Devin et al., 2018) included colorectal cancer survivors, a total of 70 subjects, and showed [SMD = 0.74, 95% CI (0.24, 0.84), Z = 2.91, P = 0.004] (Figure 2C).
3.4.1.5 Heart rate
Two studies (Toohey et al., 2020; Isanejad et al., 2023) were included in the analysis of the effects of HIIT and MICT on Heart Rate in cancer survivors. Among these, 16 participants were assigned to the HIIT group and 15 participants to the MICT group. The analysis found no significant difference in Heart Rate between HIIT and MICT [SMD = −0.55, 95% CI (−1.27, 0.18), Z = 1.47, P = 0.14], with no heterogeneity observed (I2 = 0%) (Figure 2D).
3.4.1.6 Resting Heart Rate
Three studies (Dolan et al., 2016; Toohey et al., 2016; Toohey et al., 2018) were included in the analysis of the effects of HIIT and MICT on Resting Heart Rate in cancer survivors. Among these, 44 participants were assigned to the HIIT group and 40 participants to the MICT group. The analysis found no significant difference in Resting Heart Rate between HIIT and MICT [SMD = −0.11, 95% CI (−0.53, 0.32), Z = 0.48, P = 0.63], with no heterogeneity observed (I2 = 0%) (Figure 2E).
3.4.2 Body composition
3.4.2.1 Body mass
Nine studies (Devin et al., 2016; Dolan et al., 2016; Schmitt et al., 2016; Toohey et al., 2016; Toohey et al., 2018; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023; Moraitis et al., 2023) were included in the analysis of the effects of HIIT and MICT on body mass in cancer survivors. Among these, 121 participants were assigned to the HIIT group and 107 participants to the MICT group. The analysis found no significant difference in body mass between HIIT and MICT [SMD = 0.11, 95% CI (−0.15, 0.38), Z = 0.84, P = 0.4], with low heterogeneity observed (I2 = 14%) (Figure 3A).
[image: Figure 3]FIGURE 3 | HIIT versus MCIT with Body composition (A) The forest plot of the Body mass (B) The forest plot of the Total fat mass (C) The forest plot of the Lean body mass (D) The forest plot of the Fat percentage (E) The forest plot of the Body Mass Index (F) The forest plot of the Waist circumference (G) The forest plot of the Hip circumference.
3.4.2.2 Total fat mass
Nine studies (Devin et al., 2016; Schmitt et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Bell et al., 2021; Hooshmand Moghadam et al., 2021; Isanejad et al., 2023; Moraitis et al., 2023) were included in the analysis of the effects of HIIT and MICT on total fat mass in cancer survivors. Among these, 115 participants were assigned to the HIIT group and 109 participants to the MICT group. The analysis found no significant difference in total fat mass between HIIT and MICT [SMD = −0.36, 95% CI (−0.82, 0.1), Z = 1.52, P = 0.13], with high heterogeneity observed (I2 = 62%) (Figure 3B).
3.4.2.3 Lean body mass
Seven studies (Devin et al., 2016; Schmitt et al., 2016; Toohey et al., 2016; Devin et al., 2018; Toohey et al., 2018; Bell et al., 2021; Isanejad et al., 2023) were included in the analysis of the effects of HIIT and MICT on lean body mass in cancer survivors. Among these, 100 participants were assigned to the HIIT group and 91 participants to the MICT group. The analysis found no significant difference in lean body mass between HIIT and MICT [SMD = −0.03, 95% CI (−0.26, 0.31), Z = 0.18, P = 0.86], with no heterogeneity observed (I2 = 0%) (Figure 3C).
3.4.2.4 Fat percentage
Five studies (Devin et al., 2016; Toohey et al., 2016; Toohey et al., 2018; Isanejad et al., 2023; Moraitis et al., 2023) were included in the analysis of the effects of HIIT and MICT on fat percentage in cancer survivors. Among these, 65 participants were assigned to the HIIT group and 58 participants to the MICT group. The analysis found no significant difference in fat percentage between HIIT and MICT [SMD = −0.17, 95% CI (−0.53, 0.19), Z = 0.94, P = 0.34], with no heterogeneity observed (I2 = 0%) (Figure 3D).
3.4.2.5 Body mass index
Three studies (Bell et al., 2021; Isanejad et al., 2023; Moraitis et al., 2023) were included in the analysis of the effects of HIIT and MICT on BMI(Body Mass Index) in cancer survivors. Among these, 22 participants were assigned to the HIIT group and 25 participants to the MICT group. The analysis found no significant difference in BMI between HIIT and MICT [SMD = 0.02, 95% CI (−0.56, 0.6), Z = 0.07, P = 0.94], with no heterogeneity observed (I2 = 0%) (Figure 3E).
3.4.2.6 Waist circumference
Five studies (Dolan et al., 2016; Toohey et al., 2016; Toohey et al., 2018; Bell et al., 2021; Isanejad et al., 2023) were included in the analysis of the effects of HIIT and MICT on waist circumference in cancer survivors. Among these, 64 participants were assigned to the HIIT group and 60 participants to the MICT group. The analysis found no significant difference in waist circumference between HIIT and MICT [SMD = −0.02, 95% CI (−0.37, 0.34), Z = 0.09, P = 0.93], with no heterogeneity observed (I2 = 0%) (Figure 3F).
3.4.2.7 Hip circumference
Four studies (Dolan et al., 2016; Toohey et al., 2016; Toohey et al., 2020; Isanejad et al., 2023) were included in the analysis of the effects of HIIT and MICT on hip circumference in cancer survivors. Among these, 54 participants were assigned to the HIIT group and 50 participants to the MICT group. The analysis found no significant difference in hip circumference between HIIT and MICT [SMD = 0.03, 95% CI (−0.36, 0.41), Z = 0.13, P = 0.89], with no heterogeneity observed (I2 = 0%) (Figure 3G).
3.4.3 Physical function
3.4.3.1 STS
Four studies (Toohey et al., 2016; Toohey et al., 2018; Isanejad et al., 2023; Moraitis et al., 2023) were included in the analysis of the effect of HIIT and MICT on the Sit-to-Stand (STS) test in cancer survivors. The HIIT group consisted of 44 participants, while the MICT group had 44 participants. The study found no significant difference in STS between HIIT and MICT [SMD = −0.01, 95% CI (−0.45, 0.43), Z = 0.04, P = 0.96], showing low heterogeneity (I2 = 2%) (Figure 4A).
[image: Figure 4]FIGURE 4 | HIIT versus MCIT with Physical function (A) The forest plot of the STS (B) The forest plot of the 6MWT.
3.4.3.2 6MWT
Two studies (Toohey et al., 2016; Toohey et al., 2018) were included in the analysis of the effect of HIIT and MICT on the 6-Minute Walk Test (6MWT) in cancer survivors. The HIIT group consisted of 32 participants, while the MICT group had 29 participants. The study found no significant difference in 6MWT between HIIT and MICT [SMD = 0.32, 95% CI (−0.19, 0.84), Z = 1.23, P = 0.22], showing high heterogeneity (I2 = 74%) (Figure 4B).
4 DISCUSSION
The primary objective of this systematic review and meta-analysis was to analyze the effect of HIIT and MICT on VO2 peak in cancer survivors and evaluate which exercise modality is more effective. The secondary objective was to analyze the impact of HIIT and MICT on body composition and physical function in cancer survivors. The results of this study showed that, compared to MICT, HIIT led to a statistically significant increase in VO2 peak in cancer survivors. However, no statistically significant differences were found between HIIT and MICT in terms of body composition and physical function. It is important to note that the studies included in this meta-analysis focused on breast and colorectal cancer survivors, with only 2 studies including mixed cancer types. Although HIIT has shown significant benefits in improving VO2 peak in breast and colorectal cancer patients, there may be differences in adaptations to high-intensity training in other cancer types due to physical status limitations.
Cardiopulmonary health, with VO2 peak as the core indicator, is a key physiological measure in the rehabilitation process of cancer survivors. It is closely associated with their quality of life, treatment tolerance, recurrence risk, and long-term survival rates. Lower levels of VO2 peak are linked to an increased cancer-specific mortality rate, making the enhancement of cardiopulmonary function a critical factor in reducing cancer-specific mortality. This emphasizes the importance of cardiopulmonary health in cancer survivors (Zhang et al., 2014; Lakoski et al., 2015; Schmid and Leitzmann, 2015).
Although this meta-analysis did not directly assess the effect of HIIT on cancer recurrence or survival, existing studies suggest that improvements in VO2 peak may be strongly associated with mortality. For example, a cohort study by Lakoski et al. demonstrated a strong inverse association between cardiorespiratory fitness and colorectal cancer with a corrected hazard ratio (HR) of 0.56 (95% CI: 0.36–0.87) for colorectal cancer in men with high cardiorespiratory fitness compared with low cardiorespiratory fitness. High cardiorespiratory fitness reduced the risk of colorectal cancer by 44% compared to low cardiorespiratory fitness (Lakoski et al., 2015). In addition, a study by Kenfield et al. found that physical activity was associated with lower cancer mortality among men with cancer. Men who performed ≥3 h of vigorous activity per week had a 49% lower risk of all-cause mortality (HR, 0.51; 95% CI, 0.36–0.72) compared with shorter durations at an easy walking pace (Kenfield et al., 2011). Similarly, Zhang et al. found that maintaining or improving cardiorespiratory fitness may reduce the risk of cancer death. Loss of cardiorespiratory fitness was associated with an increased risk of premature death from cancer in men. In terms of public health messages, health and medical professionals should advise individuals to engage in regular physical activity to gain or maintain cardiorespiratory fitness (Zhang et al., 2014). Although these studies did not directly compare HIIT with MICT, their results support that high-intensity exercise may improve long-term prognosis through more efficient physiological adaptive mechanisms.
This study primarily found that HIIT improved cardiopulmonary health in cancer survivors compared to the MICT group. This finding is consistent with some research results. Several studies have shown that cancer survivors benefit more from HIIT than from MICT in terms of VO2 peak improvement (Rognmo et al., 2004; Wisløff et al., 2007). For example, Isanejad’s study found that MICT seemed to have no significant effect on VO2 peak, whereas HIIT was superior in improving VO2 peak (mean difference = 2.974 mL/kg/min, 95% CI: -0.188 to 6.135, p = 0.005) (Isanejad et al., 2023). Devin’s research showed that the absolute (p = 0.016) and relative (p = 0.021) mean changes in VO2 peak in the HIIT group were significantly greater than in the MICT group (Devin et al., 2016). Billat et al. found that intermittent running with high-intensity components provided greater training stimuli compared to continuous running and might lead to more significant improvements in VO2 peak associated with oxygen consumption post-exercise (Billat et al., 2000).
However, there are also inconsistent findings. Mugele et al. concluded that when comparing HIIT to conventional treatments, the intervention group showed an increase in VO2 peak, but no significant difference was found between HIIT and MICT (Mugele et al., 2019). The BELL study found that HIIT did not lead to a greater VO2 peak improvement than MICT; however, they encouraged future studies with higher intensity and frequency of training (Bell et al., 2021). The discrepancies between studies could be attributed to heterogeneity in the study populations (different cancer types, treatment stages, and comorbidities), variations in intervention protocols (different HIIT intensities, durations of intervals, and low-intensity or insufficient time in MICT), differences in adherence, and variations in measurement methods.
Based on the literature, it is hypothesized that the improvement of VO2 peak by HIIT may be related to the following mechanisms: (1) HIIT activates the AMPK-PGC-1α pathway and promotes the density and function of skeletal muscle mitochondria. Studies have shown that HIIT significantly increases AMPK phosphorylation and PGC-1α mRNA expression in skeletal muscle, promoting mitochondrial biosynthesis. For example, Broome et al. reported enhanced PGC-1α expression after HIIT, which correlated with increased peak power output, an indirect marker of increased peak VO2 (Broome et al., 2022). This is supported by animal studies, which showed that the HIIT group was higher than the MICT group (P = 0.008), suggesting that HIIT significantly increased the expression of AMPK and PGC-1α more than MICT (Pirani et al., 2023). (2) Catecholamine-mediated cardiorespiratory adaptations. HIIT significantly increases plasma catecholamine (epinephrine and norepinephrine) levels during and after exercise, and these catecholamines have been associated with improved cardiovascular responses through β-adrenergic signaling. For example, Williams et al. demonstrated that exercise-induced catecholamine release enhances myocardial β-adrenergic receptor density, which may improve oxygen delivery and utilization during peak exercise (Williams et al., 1985). It should be clarified that the above mechanisms have not been directly verified in the present study.
We observed no statistically significant differences between HIIT and MICT in body composition (Body mass, Total fat mass, Lean body mass, Fat percentage, BMI, Waist circumference, and Hip circumference). Previous studies have indicated that exercise alone may not lead to weight loss, but preventing weight gain could be essential (Jakicic and Otto, 2005; Franz et al., 2007). In a randomized controlled trial, Isanejad et al. found no significant differences between the two groups in fat mass (p = 0.255), waist circumference (p = 0.397), hip circumference (p = 0.528), body weight (p = 0.613), and BMI (p = 0.497) after intervention (Isanejad et al., 2023). For measurements of lean body mass, fat mass, or fat percentage, no significant differences were observed between HIIT and MICT. However, while the HIIT group showed a greater average reduction in fat mass compared to the MICT group, the difference was not statistically significant (p = 0.060) (Devin et al., 2016).
We observed no significant differences between HIIT and MICT in physical function (STS, 6MWT). Consistent with our findings, Isanejad used the STS test to assess physical function and found no significant difference between the HIIT and MICT groups (p = 0.266) (Isanejad et al., 2023). However, Toohey’s study found that participants in the HIIT group achieved a greater effect in the STS test compared to the MICT group, suggesting improvements in lower limb strength (Toohey et al., 2016; Toohey et al., 2018). In the STS test, improvements were observed in both the HIIT group (20%) and the MICT group (9.5%), highlighting an increase in calf strength among those who completed the HIIT program. However, due to the small sample size, this difference was not statistically significant (Toohey et al., 2016). The lack of significant differences between HIIT and MICT in body composition and physical function in cancer survivors may stem from multiple factors such as energy expenditure balance, metabolic disturbances, insufficient intervention duration, and cancer-specific pathological mechanisms (Boutcher, 2011; Pedersen and Saltin, 2015; Graßmann et al., 2017; Maestroni et al., 2020).
This study systematically integrates RCTs and is the first comprehensive assessment of the effects of HIIT and MICT on cancer survivors’ cardiopulmonary function (with VO2 peak as the core indicator), body composition, and physical function. The limitations of the study include: (1) the limited number of included studies and participants, which may lead to unreliable study results; (2) contains study heterogeneity, including inconsistencies in HIIT and MICT intervention protocols (including intensity, frequency vs. duration), cancer type, and other factors, as well as errors inherent in different measurement tools. The uneven distribution of cancer types in the study population, which was dominated by breast and colorectal cancers, may limit the applicability of the findings to other cancer subgroups; (3) potential publication bias and the lack of long-term follow-up data; (4) the inability to implement participant blinding due to the nature of the study type, making performance bias unavoidable in all trials; (5) the lack of subgroup analysis due to the limited number of studies, preventing understanding of the differences in effects across different populations, interventions, and durations; and (6) another limitation of this study is that survival or recurrence rates were not directly analyzed. Although VO2 peak is an independent predictor of cancer prognosis, its clinical translation still needs to be validated by randomized controlled trials (RCTs) with long-term follow-up.
Future research should aim to expand sample sizes, include subgroups of different cancer types, stages, and treatment phases, standardize interventions, and further optimize the precision and universality of exercise rehabilitation strategies for different cancer subtypes. Long-term follow-up should be established to track the effects of HIIT on cancer survivors’ cardiopulmonary function and recurrence rates. Modern techniques such as remote monitoring and AI personalized prescriptions should be utilized to enhance the feasibility and clinical translational value of interventions.
5 CONCLUSION
This study found that for cancer survivors, HIIT appeared superior to MICT in enhancing VO2 peak and, consequently, cardiopulmonary function in breast and colorectal cancer survivors. However, further studies are needed to validate its safety and efficacy in other cancer populations, particularly those with higher vulnerability to exercise-induced adverse events. There were no significant differences between the two training modes in terms of body composition and physical function indicators, which may be related to factors such as energy metabolism balance and insufficient intervention duration. It is important to note that the conclusions are based on a limited number of studies, and more research is needed in the future to explore the effects of HIIT and MICT on cancer survivors. This will help in more accurately exploring personalized exercise prescriptions and optimizing cancer rehabilitation outcomes.
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