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ABSTRACT

WANG, L., M. QUAN, D. C. NIEMAN, F. LI, H. SHI, X. BAL T. XIONG, X. WEL P. CHEN, and Y. SHI. Effects of High-Intensity Interval
Training and Combined High-Intensity Interval Training Programs on Cancer-Related Fatigue and Cancer Pain: A Systematic Review and
Meta-analysis. Med. Sci. Sports Exerc., Vol. 55, No. 9, pp. 1620—1631, 2023. Purpose: This systematic review and meta-analysis assessed
the effectiveness of high-intensity interval training (HIIT) alone and combined HIIT programs compared with usual care on cancer-related
fatigue (CRF) and pain related to cancer or cancer-related treatments. Methods: Articles published prior to January 2023 were searched in the fol-
lowing digital databases: PubMed, Cochrane Database of Systematic Reviews and Cochrane Controlled Clinical Trials (CENTRAL), Web of Sci-
ence, Scopus and ScienceDirect. Randomized controlled trials were included that met the following criteria: (i) adult cancer patients and survivors
(>18 yr old); (ii) HIIT or combined HIIT programs versus usual care; (iii) assessment of fatigue and pain. Cochrane tool was used for assessing Risk
of Bias (RoB) and Review Manager (RevMan 5.2) was used for data analysis. Results: Based on limited number (12) of studies included, we found

HIT and combined HIIT interventions have significant effect sizes on reducing both CRF (standardized mean difference, 0.63; 95% confidence
interval, 0.42-0.84; P < 0.001) and cancer-associated pain (standardized mean difference, 0.44; 95% confidence interval, 0.25-0.63; P < 0.001).
Conclusions: This systematic review and meta-analysis indicate that HIIT and combined HIIT programs can reduce CRF and pain. Key Words:
EXERCISE, CANCER, HIGH-INTENSITY INTERVAL TRAINING, COMBINED TRAINING PROGRAMS, FATIGUE, PAIN

ancer-related fatigue (CRF) is caused by cancer or can-
cer related treatment and is one of the most common side
effects of cancer (1-4). Cancer-related fatigue can affect
33% to 37% of cancer patients and survivors and may last a few
weeks or months or even years (5). Compared with ordinary fa-
tigue, CRF is more severe, less likely to be neutralized by regular
rest, and can affect patients’ abilities to finish medical treatment
and other pharmaceutical interventions (6,7). Cancer-related
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fatigue causes disruption in all aspects of quality of life (QoL)
and may be a risk factor for reduced survival (8) and high CRF
predicted decreased recurrence-free survival and overall survival
in breast cancer patients (2).

Cancer-associated pain is a common side-effect related to
cancer or cancer treatment in cancer populations. Most individ-
uals will experience moderate to severe pain during the course
of their disease and into survivorship (9). In some cases, such
as oral cancer, pain is the first sign of cancer, while breast cancer
patient will almost certainly not present with breast pain (10).
Between 75% and 90% of patients with metastatic or advanced
stage cancer will experience significant cancer-induced pain
(11). Cancer pain is caused by different processes, such as tu-
mor invasion, compression of nerve plexus, diagnostic or ther-
apeutic surgical procedures (such as biopsies and resection),
and tumor treatment (such as chemotherapy and radiation ther-
apy) (9). Cancer pain significantly affects QoL and may be as-
sociated with shorter survival in patients with cancer (12,13).

Exercise has been widely used in the rehabilitation of cancer
and studies indicate numerous benefits including reductions in
CRF and pain for most cancer types during and after cancer
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treatment, and improvements in the therapeutic effect of radio-
therapy and chemotherapy (14-23). A meta-analysis concluded
that exercise and psychological interventions were even more
effective for reducing CRF during and after cancer treatment
than available pharmaceutical options (17).

However, according to the exercise prescription recommen-
dations for cancer patients in the second edition (2018) of the
American Physical Activity Guidelines (24), the form of exer-
cise generally focuses on aerobic, resistance, and flexibility
exercises and their combinations, and the recommended exer-
cise intensity is moderate intensity and greater exercise inten-
sity when the patient’s physical condition allows. Accordingly,
whether high-intensity interval training, a novel exercise interven-
tion, is suitable for cancer patients, has not yet reached a consensus.

High-intensity interval training (HIIT) is a structured and
enhanced interval training involving brief, high-intensity exer-
cise (ranging from 85% t0 250% VOypax for 6 s to 4 min) sep-
arated by brief bouts of low-intensity aerobic rest (ranging
from 20% to 40% VO, max for 10 s to 5 min) (25,26). Despite
early concerns, HIIT is an effective intervention in improving
physical fitness and patient-reported health-related outcomes,
and it has been proven to be a safe and feasible treatment for can-
cer patients (27-29). Including HIIT in a training program implies
that greater health-enhancing benefits could be gained in less time,
making HIIT a more time-efficient and attractive option.

Although regarded as beneficial, no meta-analysis or system-
atic review has been conducted on the effectiveness of HIIT and
combined HIIT programs in reducing CRF and pain. Recent
randomized-controlled trials (RCT) evaluating the effectiveness
of HIIT alone or combined HIIT interventions on CRF and can-
cer pain have reported mixed results. For example, HIIT was
linked to reduced CRF in patients with prostate, lung and testic-
ular cancer (30-33) but not breast cancer (34,35), combined
HIIT interventions did reduce CRF and pain in breast cancer pa-
tients (36—38), but not those with hematologic malignancy (39).
Thus, the literature is not clear regarding the effect of HIIT and
combined HIIT interventions on CRF and cancer pain.

The main purpose of this meta-analysis was to determine
the effect of HIIT and combined HIIT programs on CRF and
cancer pain in cancer patients or survivors to improve exercise
training guidelines for clinicians. A growing number of RCT
have assessed the effects of HIIT or combined HIIT programs
on CRF and cancer pain (30—41). A systematic review with
meta-analysis would improve scientific understanding in this
area and provide a framework for the design of future studies
evaluating the effectiveness of physical training interventions
in cancer patients and survivors.

METHODS

Protocol. This study adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines (see Supplemental Digital Content 1, PRISMA
checklist, http://links.lww.com/MSS/C851) (42). The review
protocol is previously registered with the PROSPERO database
(CRD42022344923). Ethics committee approval was not sought

for the present study because this meta-analysis study was
based on data collected from previous clinical trials.

Design. This was designed to be a systematic review and
meta-analysis.

Search strategy. We searched the following digital data-
bases: PubMed, Cochrane Database of Systematic Reviews and
Cochrane Controlled Clinical Trials (CENTRAL), Web of Sci-
ence, Scopus and ScienceDirect from inception to January
2023. A search strategy was developed for each of those data-
bases with language restricted to English (see Supplemental
Table 1, Supplemental Digital Content 2, Search strategy, http://
links.lww.com/MSS/C852). Briefly, articles were searched based
on the following MESH terms: “neoplasms,” “high-intensity
interval training,” “aerobic training,” “resistance training,” “jog-
ging,” “walking,” “yoga,” and “randomized controlled trial.”

Inclusion criteria. Articles were included if they: (i) were
randomized controlled trials; (ii) included cancer patients and
cancer survivors over 18 yr; (iii) used a HIIT or combined HIIT
program; (iv) the training program should last for at least 6 wk
when resistance training (RT) was conducted; (v) utilized a usual
care control group; (vi) evaluated CRF or pain as an outcome.

Exclusion criteria. Articles were excluded if they: (i) were
systematic reviews; (ii) included other non-exercise interven-
tions such as relaxation, massage, pharmaceutical treatment or
psychological counseling in the experimental group but not in
the control group; (iii) were substudies of larger trials; (iv) were
not written in English.

Study selection. The titles and abstracts of all originally
searched studies were screened by two reviewers (L.W., T.X.)
independently. Discrepancies were resolved through discus-
sion. Studies were excluded only if the information in the title
and the abstract made it clear that the study was nonrelated to
the inclusion criteria. Full texts of articles included in the first
step were read independently by two reviewers to assess whether
they could be accepted based on the inclusion/exclusion criteria
and completeness of the necessary data. Accepted articles
were then examined by the third reviewer (Y.S.) to finalize
the selection process.

Data extraction. Three reviewers were responsible for
data extraction. The following data were assessed and extracted
into excel by two reviewers (L.W., X.B.) independently: First
author’s last name, publication year, the sample size for CRF
and pain from each group, mean and SD of each outcome from
each group, treatment stage, HIIT or combined HIIT programs,
ages of intervention groups, cancer type, during/after treatment,
and treatment type. The formulas for the mean and SD prechange
to postchange values were as follows: mean change = mean
post — mean pre and SD change = SQRT [(SD]23re + SDgost) -
(2 x Corr x SDpye X SDpog)], where the correlation coefficient
(Corr) was set to 0.8 after averaging it for those studies that re-
ported full data based on the Cochrane Collaboration Handbook
guidelines (43). We selected total CRF as the outcome of CRF.
For pain, we selected “pain” or “bodily pain.” When SD was
missing in original studies, P values, T values, CI, and SE (n%)
were used to calculate SD according to the Cochrane handbook
(43): SD = SE/SQRT(1/NE + 1/NC); SE = MD/T, whereas T
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was obtained from the table of the T distribution corresponded
to the P value. If T values, CIs and SE were missing, baseline or
follow-up SD were used if those SD were presented. Authors of
articles were contacted at least three times to obtain missing
data. The final data were assessed by the cancer expert Y.S.
Quality assessment. Quality assessment was conducted
using the PRISMA recommendations (44). The following items:
(i) appropriate generation of random allocation sequence; (ii) con-
cealment of the allocation sequence; (iii) blinding of the assess-
ment and collection outcomes; (iv) proportion of participants lost
to follow-up; (v) complete outcome data and (vi) the intention-
to-treat principle were assessed by 2 reviewers independently.
Statistical analysis. REVMAN was used for data analysis
in this meta-analysis of RCT. Outcome data were classified as
continuous variables with effect sizes computed using a 95% con-
fidence interval (95% CI) standardized mean difference (SMD).
A positive SMD was defined as a beneficial effect when compar-
ing experimental and usual care groups for outcomes. Standard-
ized mean difference was interpreted as follows: 0.2 represented
a small effect size, 0.5 a moderate effect size and 0.8 a large effect
size (45). The statistical heterogeneity between studies was
assessed using the P statistic: 72 = 0% to 24% indicated low het-
erogeneity; I = 25% to 74% indicated moderate heterogeneity;
and P = 75% to 100% indicated high heterogeneity (46). The
fixed-effects model was used for the forest plot when heterogene-
ity was low, and the random-effects model was used when hetero-
geneity was high (46). Subgroup analyses were conducted for the
following subgroups: (i) intervention focus (HIIT only or com-
bined HIIT programs); (ii) during/after cancer treatment (accord-
ing to the method section in a 2018 meta-analysis written by
Hilfiker et al. (16). Briefly, studies including patients that were
currently on chemotherapy or radiotherapy were defined as “dur-
ing,” whereas those studies including patients currently not on
chemotherapy or radiotherapy were defined as “after.” For studies
including both types of patients were classified according to the
majority of patients.); (iii) intervention duration (>12 wk or not,
based on a previous meta-analysis) (22); and (iv) intervention fre-
quency (>3 sessions per week or not). These subgroup analyses
depended on whether the number of studies in the target subgroup
was sufficient (>10 studies) to identify factors that could poten-
tially influence the effect of the intervention on listed outcomes
with an examination of the heterogeneity between studies (43).
A P value <0.05 between study variations was defined as a sig-
nificant statistical difference between subgroups.
Publication bias assessment. The risk of publication
bias was assessed through the Egger’s regression test (47).
Sensitivity analysis. A sensitivity analysis was performed
on CRF and pain to evaluate whether an individual study had an
undue influence on the overall result of the meta-analysis. This
process involved removing one trial at a time and determining
whether statistical conclusions remained the same.

RESULTS

Study selection and characteristics. A total 0f 13,419
studies were included during the initial selection process with

this number reduced to 7262 after removing duplicates and to
59 when article titles and abstracts showed no evidence that they
met the inclusion criteria. Full-text assessment resulted in the re-
moval of 47 additional articles. For instance, Demmelmaier et al.
(48) conducted an HIIT program, but compared to low-intensity
exercise rather than usual care; Edvardsen et al. (49) assessed
CREF but could not be calculated because data were not presented
as “mean (SD).” Thus, 12 studies met the inclusion criteria and
were included for quantitative assessment. In these studies, 5
assessed both CRF and pain (31,32,37,38,41), and 7 assessed
CRF only (30,33-36,39,40). Figure 1 shows the selection flow-
chart that adhered to PRISMA guidelines.

Participants. Table 1 summarizes the characteristics of the
studies included in this meta-analysis. The 12 included studies
published from December 2012 (33) to November 2022 (41)
yielded a sample of 938 participants (EXP = 482, CON = 458;
69.8% female and 30.2% male). The number of participants in
each of the 12 studies ranged from 24 to 182. The average age
of study participants was 53.9 yr (EXP: 53.4 yr; CON: 54.3 yr).
Five studies focused on breast cancer (34-38), two studies re-
ported prostate cancer (30,31), two studies reported mixed can-
cer (40,41), and 3 studies analyzed lung cancer (33), testicular
cancer (32), and hematologic malignancy respectively (39). Nine
of the studies assessed cancer patients (30,31,33,34,36-39,41)
and 3 studies assessed cancer survivors (32,35,40). As for
treatment stage, three studies did not report treatment stage
(30,31,39), four studies included patients in stage 4 (32,33,40,41),
and the remaining studies reported patients ranged from
stage 1 to 3.

Adverse events. Ten of 12 studies (83.3%) reported ad-
verse events. Seven of the 10 studies (70%) reported no adverse
events (30,32-35,37,38). Persoon et al. (39) reported eight seri-
ous adverse events (SAE), four in each group. One patient in the
intervention group strained his calf muscles during a training
session, but recovered from this injury within the intervention
period. None of these events were considered to be related to
study participation. Nine participants withdrew from the 2015
trial by Kampshoff et al. (40), five due to disease recurrence
and four because of comorbidities. Reljic et al. (41) reported
one knee pain in the intervention group. None of the SAE above
were considered to be related to interventions. None of the SAE
were thought to be related to the exercise intensity.

Interventions. The intervention groups in 11 of the 12
studies were supervised by trained nurse specialists and
physiotherapists, one study performed a nonsupervised
home-based intervention (35). Seven studies conducted only
HIIT (30-35,41), four conducted combined HIIT and RT pro-
grams (36,37,39,40), and one performed combined HIIT plus
RT, endurance training and Nordic walking training pro-
grams. HIIT comprises 7 to 16 min of training sessions, with
RT training protocols including 2 to 3 sets of 6 to 8 exercises
with 5 to 25 repetitions. Nordic walking was conducted 2 h-wk '
and endurance training was performed 5 to 10 min-wk . In-
tervention durations ranged from 5 wk (30) to 24 wk (38).
Training frequency ranged from one to three times per week
in all studies.
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FIGURE 1—Flowchart of the study selection process.

Measurement. Cancer-related fatigue assessment tools
varied across the 12 studies. The Piper Fatigue Scale (PFS)
was used in two studies (36,37); the Functional Assessment of
Chronic Illness Therapy—Fatigue scale was used in three studies
(30,32,41); the Cancer Fatigue Scale was used in one study
(35); the European Organization for the Research and Treat-
ment of Cancer Quality of Life Questionnaire (EORTC QLQ-
C30) was used in two studies (31,33); and the Multidimensional
Fatigue Inventory (MFTI) scale was used in four studies (34,38-40).
Pain was assessed using the EORTC QLQ-C30 scale in four
studies (31,37,38,41) and the Short Form 36 Health Survey
Questionnaire scale was used in one study (32).

Quality assessment. Quality assessment was included
in all of the studies using appropriate generation of random al-
location sequence. Ten of the studies used concealment of the
allocation sequence (83.3%) (31-33,35-41). Eight of the stud-
ies included blinding of the assessment and collection outcomes
(66.7%) (33-38,40,41). All of the studies explained the propor-
tion of participants lost to follow-up, all 12 studies reported
complete outcome data, and 9 studies incorporated intention-
to-treat procedures (75.0%) (30-32,35—40). No study was ex-
cluded from the analysis after assessment.

Changes in CRF by intervention. Figure 2 summarizes
study data for changes in CRF. The data support significant im-
provements in CRF (SMD, 0.63; 95% CI, 0.42-0.84; P < 0.001)
when comparing exercise intervention and control groups. Moderate
heterogeneity between studies (F = 54%, P = 0.01) was observed

Changes in pain by intervention. Figure 3 summarizes
study data for changes in pain. Significant improvements were

A4

Excluded based on inclusion criteria

(n=47)

1. Didn’t assess CRF or pain (n = 29)

2. Non-randomized controlled trials (n = 7)

3. Insufficient data (n=4)

4. Non-exercise intervention conducted (n=6)
5. Sub-studies of included studies (n=1)

found in pain when comparing exercise intervention and control
groups (SMD, 0.44; 95% CI, 0.25-0.63; P < 0.001) (Fig. 3). Low
heterogeneity was observed between studies (F = 12%, P = 0.34).

Subgroup analysis. Additional statistical analyses were
conducted on research design characteristics that may have in-
fluenced changes in CRF (Fig. 4). No significant differences
were observed between subgroups in these areas: (i) type of exer-
cise intervention focus (P = 0.96); (ii) ratio of during-to-after can-
cer treatment in the study participant pool (P = 0.62); (iii) exercise
intervention duration (P = 0.85); (iv) and exercise intervention
frequency (P = 0.74). Each subgroup of all areas showed signif-
icant benefits of exercise interventions.

Publication bias. The Egger’s test was performed on
CRF (P = 0.594) and pain (P = 0.802), and this analysis in-
dicated that no significant publication bias was observed
(Fig. 5 and 6).

Sensitivity analysis. The sensitivity analysis showed that
the calculated effects were still within the 95% CI of the SMD
for change in CRF and pain after removing any one of the stud-
ies included. This analysis indicated that the overall result of the
meta-analysis was not significantly altered with the removal of
individual studies.

DISCUSSION

This meta-analysis of 12 RCT investigated the effects of HIIT
and combined HIIT programs on CRF and cancer-associated
pain. The results supported that both HIIT and the combination
of HIIT and other exercises had a significant effect in alleviating
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Experimental Control

Study or Subgrou Mean D Total Mean D Total Weight
Hwang -5.1 8.38 13 -9.1 122 11 4.8%
Kampshoff 28 229 91 14 2.63 91 12.6%
Persoon 27 271 50 1.7 2.92 47 10.5%
Adams 42 522 35 -1.1 549 28 8.2%
Mijwel -0.07 1.94 74 -1.64 1.83 60 11.4%
Piraux -1 6.32 24 -58 7.29 24 7.4%
Hiensch 0.02 3.46 30 -1.57 2.82 29 8.4%
Lee -11.4 8.51 15 53 7.57 15 5.5%
Ochi 2.67 6.14 24 -1.25 6.21 24 7.4%
Reljic 7 4.95 12 1 3.41 12 4.1%
Kang 6.2 9.36 26 -3.1 8.55 26 7.4%
Koevoets 3.5 2.82 84 1.1 3.01 86 12.3%
Total (95% CI) 478 453 100.0%

Heterogeneity: Tau? = 0.07; Chi? = 24.13, df = 11 (P = 0.01); I? = 54%
Test for overall effect: Z = 5.86 (P < 0.00001)

Std. Mean Difference
IV, Random, 95% Cl Year

Std. Mean Difference
1V, Random, 95% CI

0.38 [-0.44, 1.19] 2012
0.57 [0.27, 0.86] 2015
0.35[-0.05, 0.75] 2017 1
0.98 [0.45, 1.51] 2018
0.83[0.47, 1.18] 2019
0.69[0.11, 1.28] 2020
0.50 [-0.02, 1.01] 2020
-0.74 [-1.48, 0.01] 2021
0.62[0.04, 1.21] 2022
1.36 [0.46, 2.27] 2022
1.02 [0.44, 1.60] 2022
0.82[0.51, 1.13] 2022

0.63 [0.42, 0.84]

Favours [control] Favours [experimental]

FIGURE 2—Forest plot of SMD and 95% CIs for 12 studies representing changes in CRF in exercise experimental and usual care control groups. A

random-effects model was used based on a moderate observed heterogeneity.

CRF and pain in cancer patients and survivors. As described
before, CRF causes disruption in QoL and may be a risk factor
for reduced survival (8). Besides, in a large longitudinal study
of breast cancer patients, CRF predicted decreased recurrence-
free survival and overall survival (2). According to a system-
atic review written by Zylla et al. (12), cancer pain signifi-
cantly affects QoL and may be associated with shorter survival
in patients with cancer. Another systematic review published
in the journal of Medicine & Science in Sports & Exercise, re-
ported moderate or limited associations between greater amounts
of physical activity and decreased all-cause and cancer-specific
mortality in individuals with a diagnosis of breast, colorectal, or
prostate cancer, with relative risk reductions ranging almost up
to 40% to 50% (13). Both CRF and pain contribute to a de-
crease of QoL and survival rate in cancer populations. Thus, this
is an important finding that both HIIT and combined HIIT pro-
grams could reduce CRF and pain.

This analysis probed the influence of research designs differ-
ences across the 12 studies on changes in CRF. High heteroge-
neity was found between studies on fatigue. However, no sig-
nificant effects were found for HIIT alone or combined HIIT
programs, the inclusion of cancer survivors during/after cancer
treatment, and the duration of exercise training (less or more
than 12 wk). Thus, training programs designed to help cancer
patients and survivors alleviate CRF can be individualized in

accordance with their preferences. A previous meta-analysis
of 31 RCT concluded that supervised training programs incorpo-
rating aerobic and/or resistance exercise reduced CRF, especially
if the program duration was 12 wk or less (22). These investiga-
tors reasoned that there may be a ceiling effect in that CRF is re-
duced within the first month or two of training, with little or no
further change experienced after 12 wk. Problems with exercise
adherence in the experimental group and the adoption of exercise
by the usual care control group were listed as additional factors.
High-intensity interval training compared with conventional
aerobic exercise (17) is more effective in yielding physiologic
changes such as increased mitochondrial oxidative capacity
and biogenesis (50,51), and psychosocial improvements such
as the improvement of self-efficacy (52). Thus, HIIT exercise
sessions can be of shorter duration than conventional exercise
training sessions, improving long-term adherence.

A recent review of systematic reviews and meta-analyses
suggested that exercise training was effective in reducing CRF
across all cancer populations (53). Our focused meta-analysis
of HIIT and CRF was not sufficiently powered to determine if
the positive results applied to different cancer patient subgroups
(Table 1). Additional research is needed to determine whether
HIIT programs is effective in all types of cancer.

High-intensity interval training is more than likely effica-
cious in reducing CRF for both male and female cancer patients

Experimental Control Std. Mean Difference Std. Mean Difference

tudy or Subgrou Mean D Total Mean D Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed. 95% CI
Adams 3.4 6.71 35 -0.7 5.18 28 13.7% 0.67 [0.15, 1.18] 2018 -
Mijwel 0.61 1547 74 -10.63 18.24 60 29.3% 0.67[0.32,1.02] 2019 -
Kang 47 10.8 26 26 958 26 12.1% 0.20 [-0.34, 0.75] 2022 T
Reljic 11 17.515 12 4 9.8 12 5.4% 0.48 [-0.34, 1.29] 2022 1=
Koevoets -1 17.16 84 -52 15.46 86 39.4% 0.26 [-0.05, 0.56] 2022 -
Total (95% Cl) 231 212 100.0% 0.44 [0.25, 0.63] ¢
Heterogeneity: Chi? = 4.52, df = 4 (P = 0.34); I = 12% 4 2 : 2 i

Test for overall effect: Z = 4.53 (P < 0.00001) Favours [control] Favours [experimental]

FIGURE 3—Forest plot of SMD and 95% ClIs for 5 studies representing changes in pain in exercise experimental and usual care control groups. A
fixed-effects model was used based on a low observed heterogeneity.

1626  Official Journal of the American College of Sports Medicine http://www.acsm-msse.org

Copyright © 2023 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


http://www.acsm-msse.org

A HIIT programs vs.combined HIIT programs

€202/92/60 U0 MbgbeYNdMH-+S}
TOMZPoMAND XA XMbeIbosyIyeIAaggio0axsaN9ISw+xbiodbagav AOZA43abnxzz|ezoyNazzoeA68ANRE ZINHISPNNBNZIMIMZ

#d3IWNeY209TdOY8rONBAUOITZA+S.EZFXWALSINAIABEHD AQ 9SSW-WSsIe/Wod Mm| sfeulnol//:dny wouy papeojumod

Experimental Control Std. Mean Difference Std. Mean Difference
o

1.1.1 HIIT programs
Hwang -5.1 8.38 13 -91 122 1 124% 0.38 [-0.44, 1.19] 2012 -
Adams 42 522 35 -1.1 549 28 16.3% 0.98 [0.45, 1.51] 2018 —_—
Piraux -1 6.32 24 -58 7.29 24 15.5% 0.69[0.11, 1.28] 2020 e
Lee -11.4 851 15 -53 7.57 15 13.3% -0.74 [-1.48,0.01] 2021 -
Reljic 7 495 12 1 341 12 11.3% 1.36 [0.46, 2.27] 2022 -
Ochi 267 6.14 24 125 6.21 24 15.6% 0.62[0.04, 1.21] 2022 =
Kang 6.2 9.36 26 -3.1 855 26 15.6% 1.02 [0.44, 1.60] 2022 =
Subtotal (95% CI) 149 140 100.0% 0.63 [0.18, 1.07] -
Heterogeneity: Tau? = 0.24; Chi? = 19.30, df = 6 (P = 0.004); I* = 69%
Test for overall effect: Z = 2.76 (P = 0.006)
1.1.2 combined HIIT programs
Kampshoff 28 229 91 14 263 91 27.3% 0.57[0.27,0.86] 2015 —=
Persoon 27 27 50 1.7 292 47  16.6% 0.35[-0.05, 0.75] 2017 ="
Mijwel -0.07 1.94 74 -1.64 1.83 60 20.5% 0.83[0.47, 1.18] 2019 —=—
Hiensch 0.02 3.46 30 -1.57 2.82 29 10.6% 0.50 [-0.02, 1.01] 2020 | =
Koevoets 35 282 84 1.1 3.01 86 25.0% 0.82[0.51, 1.13] 2022 o
Subtotal (95% CI) 329 313 100.0% 0.64 [0.46, 0.82] <
Heterogeneity: Tau? = 0.01; Chi? = 4.80, df = 4 (P = 0.31); I2= 17%
Test for overall effect: Z = 7.10 (P < 0.00001)

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.96), I> = 0%

B during vs. after cancer treatment

Experimental Control

1.1.1 patients

Hwang -5.1 8.38 13 91 122 1 7.6%
Persoon 27 ‘27 50 1.7 292 47 13.9%
Mijwel -0.07 1.94 74 -164 1.83 60 14.7%
Hiensch 0.02 3.46 30 -1.57 2.82 29 11.8%
Piraux -1 6.32 24 58 7.29 24 10.7%
Lee -11.4 851 15 -53 7.57 15 84%
Reljic 7 495 12 1341 12 6.7%
Kang 6.2 9.36 26 -3.1 855 26 10.7%
Koevoets 35 282 84 1.1 3.01 86 15.5%
Subtotal (95% CI) 328 310 100.0%

Heterogeneity: Tau? = 0.12; Chi? = 22.30, df = 8 (P = 0.004); I = 64%
Test for overall effect: Z = 4.03 (P < 0.0001)

1.1.2 survivors

Kampshoff 28 229 91 14 263 91 63.4%
Adams 42 522 35 -1.1 549 28 20.0%
16.5%

Ochi 267 6.14 24 -1.25 6.21 24
Subtotal (95% CI) 150 143 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 1.82, df = 2 (P = 0.40); I*= 0%
Test for overall effect: Z = 5.46 (P < 0.00001)

Test for subgroup differences: Chi? = 0.10, df = 1 (P = 0.75), I* = 0%

C > 12 weeks vs.<12 weeks

Experimental Control
1.1.1> 12 weeks

Persoon 27 271 50 17 292 47 236%
Mijwel 007 194 74 -1.64 183 60 27.8%
Hiensch 002 346 30 -1.57 282 29 16.1%
Koevoets 35 282 84 14 301 86 324%
Subtotal (95% CI) 238 222 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 4.43, df = 3 (P = 0.22); I = 32%
Test for overall effect: Z = 5.51 (P < 0.00001)

1.1.2 < 12 weeks

Hwang -5.1 838 13 -91 122 " 9.7%
Kampshoff 28 229 91 14 263 91 18.1%
Adams 42 522 35 -1.1 549 28 14.0%
Piraux -1 632 24 58 729 24 13.0%
Lee -11.4 851 15 -53 757 15 10.6%
Reljic 7 495 12 1 341 12 8.5%
Ochi 267 6.14 24 -1.25 6.21 24 13.1%
Kang 6.2 9.36 26 -31 855 26 13.1%
Subtotal (95% CI) 240 231 100.0%

Heterogeneity: Tau? = 0.15; Chi = 19.57, df = 7 (P = 0.007); I* = 64%
Test for overall effect: Z = 3.53 (P = 0.0004)

Test for subgroup differences: Chi? = 0.03, df = 1 (P = 0.85), I* = 0%

Std. Mean Difference
9

0.38-0.44, 1.19] 2012
0.35 [-0.05, 0.75] 2017
0.83(0.47, 1.18] 2019
0.50 0.2, 1.01] 2020
069 (0.1, 1.28] 2020
0.74[-1.48,0.01] 2021
1.36 (0,46, 2.27] 2022
1.02 (0.4, 1.60] 2022
082051, 1.13] 2022
0.60 [0.31, 0.89]

0.57[0.27,0.86] 2015
0.98(0.45, 1.51] 2018
0.62[0.04, 1.21] 2022
0.66 [0.42, 0.89]

<1 0 1 2
Favours [control] Favours [experimental]

Std. Mean Difference

Std. Mean Difference
o

0.35 [-0.05, 0.75] 2017
0.83[0.47, 1.18] 2019
0.50 [-0.02, 1.01] 2020
0.82[0.51, 1.13] 2022
0.66 [0.42, 0.89]

0.38 0.4, 1.19] 2012
057[0.27,0.86] 2015
0.98 [0.45, 1.51] 2018
069 (0.11, 1.28] 2020
0.74[1.48,001] 2021
1.36 [0.46, 2.27] 2022
062(0.04, 121] 2022
1.02[0.44,1.60] 2022
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Std. Mean Difference
IV, Random. 95% Cl

D <3 ions/week vs.2 3 ions/week
Experimental Control

Total Weight
1.1.1 = 3 sessions/week
Hwang -5.1 8.38 13 91 122 11 14.0%
Adams 42 522 3 -1.1 549 28 18.4%
Piraux -1 6.32 24 58 7.29 24 17.5%
Lee -11.4 8.51 16 6.3 7.57 15 15.0%
Ochi 267 6.14 24 -1.25 6.21 24 17.6%
Kang 6.2 9.36 26 -3.1 855 26 17.6%
Subtotal (95% Cl) 137 128 100.0%

Heterogeneity: Tau? = 0.24; Chi? = 16.84, df = 5 (P = 0.005); I> = 70%
Test for overall effect: Z = 2.23 (P = 0.03)

1.1.2 < 3 sessions/week

Kampshoff 28 229 91 14 263 91 31.2%
Persoon 27 271 50 1.7 292 47 21.9%
Mijwel -0.07 1.94 74 -164 1.83 60 25.6%
Hiensch 0.02 3.46 30 -1.57 2.82 29 15.3%
Reljic 7 495 12 1 341 12 6.0%
Subtotal (95% Cl) 257 239 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 5.93, df = 4 (P = 0.20); I = 32%
Test for overall effect: Z = 5.24 (P < 0.00001)

Test for subgroup differences: Chi? = 0.11, df = 1 (P = 0.74), I = 0%

0.38 [-0.44, 1.19] 2012
0.98[0.45, 1.51] 2018
069 (0.1, 1.28] 2020
0.74 [-1.48,0.01] 2021
062[0.04,1.21] 2022
1.02[0.44, 1.60] 2022
0.53 [0.06, 1.00]

0.57[0.27,0.86] 2015
0.35[-0.05, 0.75] 2017
0.83[0.47,1.18] 2019
0.50 [-0.02, 1.01] 2020
1.36[0.46, 2.27] 2022
0.62 [0.39, 0.86]

_

2 -1 0 1 2
Favours [control]  Favours [experimental]

FIGURE 4—TForest plot of SMD and 95% ClIs for subgroup analysis on CRF. No significant differences were observed between subgroups for all categories:
(A) HIIT programs vs combined HIIT programs; (B) during vs after cancer treatment; (C) >12 wk vs <12 wk; (D) <3 times per week vs >3 times per week.
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FIGURE 5—Funnel plot of publication bias in CRF. SE, standard error.

and survivors. Four studies in this meta-analysis included both
males and females, but a statistical analysis probing the sexual
effect of HIIT effects on CRF was not possible (33,39—41). Three
of the studies did not provide information on the treatment stage
(30,31,39), and the treatment types of the included studies were
too many, leading to only one study in each of some subgroups.
Thus, effects of those two factors on CRF could not be deter-
mined. The interactive effect of clinical treatments on the inverse
relationship between HIIT and CRF could also not be probed in
this meta-analysis. Future research is warranted to investigate
these variables.

The underlying mechanism of the influence of HIIT and com-
bined HIIT exercise on CRF and cancer pain is still unknown.
Improvements in peak oxygen consumption and peak power out-
put are significantly correlated with a reduction in CRF (54),
HIIT and other exercises that are always combined with HIIT

programs, such as resistance training, have significant effects
on these functional outcomes (26,55,56). Besides, HIIT leads
to the improvement of parasympathetic modulation at rest, and
exercise-mediated increases in parasympathetic activity could
be an additional mechanism by which exercise training ad-
dresses fatigue (54,57). Furthermore, increased IL-6 and IL-
6/IL-1ra levels in cancer patients are significantly associated
with increased physical fatigue and pain. Both HIIT and progres-
sive RT have been shown to counteract this effect (58,59). There
are many other potential exercise-related factors (e.g., psycholog-
ical changes) that may contribute to the effectiveness of HIIT
alone or combined HIIT programs in reducing CRF and cancer
pain, and additional research is needed in this area.

The main limitation of this meta-analysis was that the num-
ber of studies evaluating the effect of HIIT on CRF in cancer
patients was relatively low, and only five of them evaluated
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FIGURE 6—Funnel plot of publication bias in pain.
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the influence of HIIT on cancer pain. Besides, as described
earlier, this meta-analysis lacked sufficient power and data to
evaluate sex and clinical treatment effects on HIIT-induced re-
ductions in CRF.

This meta-analysis was novel and had several strengths.
Stringent inclusion and exclusion criteria were used for article
selection to improve the validity of the meta-analysis. Included
studies were RCT that evaluated HIIT, CRF, and cancer pain.
Study designs including nonexercise interventions were ex-
cluded to make sure the effects of training programs could
be isolated. Studies that included pharmaceutical treatments
as complementary interventions were excluded because some
drugs (e.g., erythropoietin drugs) may have adverse effects on
CRF and cancer pain. Furthermore, we excluded studies that
conducted RT exercise for <6 wk. It has been suggested that
the effect of RT usually occurs after 6 wk of training (60). The
data from this meta-analysis support that HIIT and combined
HIIT programs are effective in reducing CRF and pain in cancer
patients and survivors. This conclusion is consistent with other
published reviews and guidelines supporting the vital role of
regular exercise for cancer patients and survivors (61-63).

Recent published meta-analysis has proven that HIIT is a
safe and feasible intervention in cancer patients and cancer
survivors (29,64). There are multiple HIIT and combined HIIT
training protocols that can be used for cancer patients and sur-
vivors. This analysis and other published guidelines support
an exercise training protocol that combines aerobic and resis-
tance training (61-63). Based on included studies, we suggest
HIIT sessions with cancer patients should be gradually progressed
with an end goal of lasting 20 to 30 min with 1- to 2-min running
or cycling intervals performed at an intensity of 85% VOjmay
intermixed with 1- to 2-min active rest periods. RT sessions can
consist of 2 sets and 8—12 repetitions of five to eight exercises
targeting major muscle groups. We also suggest cooperating
stability and flexibility exercises in training programs. Besides,
patients and survivors under certain circumstances should fol-
lowing advices from the 2019 Medicine & Science in Sports
& Exercise’s Exercise Guidelines for Cancer Survivors (61).
When patients are having issues such as peripheral neuropa-
thy, arthritis/musculoskeletal issues, osteoporosis or lymph-
edema, they should be introduced with preexercise medical
evaluation and modify the recommendations of exercise based
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on assessments; If patients had lung or abdominal surgery, os-
tomy, cardiopulmonary disease, ataxia, extreme fatigue, se-
vere nutritional deficiencies, lymphedema exacerbation or
bone metastases, the training program should be performed
under supervision by trained personnel. and pre-exercise med-
ical evaluation and clearance by physician prior to exercise
should be conducted. 1-RM testing for leg strength (e.g., dead-
lift) should be avoided in patients who have bony metastases
in the proximal femur or vertebrae (65). Furthermore, survi-
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CONCLUSIONS

The findings of this systematic review and meta-analysis re-
vealed that cancer patients and survivors engaging in HIIT and
combined HIIT training protocols experienced improvements
in both CRF and cancer pain. Variance in study designs re-
garding the ratio of patients-to-survivors among study partici-
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not confound this finding. The inverse relationship between
HIIT and CRF was robust and not significantly altered with
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despite earlier concerns, HIIT and combined HIIT programs
for cancer patients and survivors can be considered an effec-
tive and time-efficient training option to reduce CRF and pain.
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