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Abstract:  33 



Background & Aim: 34 

Exercise training regimes can lead to improvements in measures of cardiorespiratory fitness 35 

(CRF), improved general health, and reduced morbidity and overall mortality risk. High 36 

intensity interval training (HIIT) offers a time-efficient approach to improve CRF in healthy 37 

individuals, but the relative benefits of HIIT compared to traditional training methods are 38 

unknown in across different disease cohorts. 39 

Methods: 40 

This systematic review and meta-analysis compares CRF gains in randomised controlled trials 41 

of short-term (<8 weeks) HIIT vs. either no exercise control (CON) or moderate continuous 42 

exercise training (MCT) within diseased cohorts. Literature searches of the following databases 43 

were performed: MEDLINE, EMBASE, CINAHL, AMED, and PubMed (all from inception 44 

to 1st December 2017), with further searches of Clinicaltrials.gov and citations via Google 45 

Scholar. Primary outcomes were effect upon CRF variables; VO2peak and Anaerobic Threshold 46 

(AT).  47 

Results: 48 

Thirty-nine studies met the inclusion criteria. HIIT resulted in a clinically significant increase 49 

in VO2peak compared with CON (mean difference (MD) 3.32 ml∙kg-1∙min-1; 95% CI 2.56 to 50 

2.08). Overall HIIT provided added benefit to VO2peak over MCT (MD 0.79 ml∙kg-1∙min-1; 95% 51 

CI 0.20 to 1.39). The benefit of HIIT was most marked in patients with cardiovascular disease 52 

when compared to MCT (VO2peak (MD 1.66 ml∙kg-1∙min-1; 95% CI 0.60 to 2.73); AT (MD 1.61 53 

ml∙kg-1∙min-1; 95% CI 0.33 to 2.90)).  54 

Conclusions: 55 

HIIT elicits improvements in objective measures of CRF within 8 weeks in diseased cohorts 56 

compared to no intervention. When compared to MCT, HIIT imparts statistically significant 57 

additional improvements in measures of CRF, with clinically important additional 58 

improvements in VO2peak in cardiovascular patients. Comparative efficacy of HIIT vs MCT 59 

combined with an often reduced time commitment may warrant HIIT’s promotion as a viable 60 

clinical exercise intervention.  61 

Key Words: HIIT, VO2peak, anaerobic threshold, clinical, short-term.  62 

 63 



Introduction:  64 

Objective measures of cardiorespiratory fitness (CRF) (e.g. VO2peak and anaerobic threshold 65 

(AT)) predict whole-body health, morbidity and mortality (1–4). These measures of CRF can 66 

be altered via participation in exercise training regimens, which in turn may improve general 67 

health. Traditionally endurance based aerobic activity or ‘moderate continuous training’ 68 

(MCT) has been employed to improve CRF (5) and exercise tolerance (6).   69 

Despite MCT (150 minutes of moderate aerobic activity every week) forming the primary basis 70 

of almost all public health exercise-based recommendations (7,8), greater attention has recently 71 

been paid to the utility of higher intensity exercise (75 minutes of vigorous activity every week) 72 

as an alternative to MCT (7) in the context of ‘exercise-for-health’ (9) as the latter is more time 73 

efficient, which may improve compliance (10). 74 

Patients can have modification of disease risk factors through exercise interventions (e.g. 75 

reduction of blood pressure in those at risk of stroke) (11) and exercise can also be used to help 76 

optimise patients prior to a planned intervention (e.g. patients with suspected cancer or those 77 

awaiting urgent elective surgery for malignancy) (12). For those having major surgical 78 

procedures perioperative outcome is in large part dependent upon preoperative CRF (2). An 79 

ability to rapidly improve CRF would therefore be attractive if deliverable in the short time 80 

available between the suspicion of cancer and initiation of primary treatment (13).  81 

Often however, there is not an extended period available from clinical suspicion of cancer 82 

before first definitive treatment to complete exercise programmes: for example, in the United 83 

Kingdom the National Cancer Action Team imposes two cancer waiting time service standards 84 

(13). The first is a 62 day target from initial GP referral for suspected cancer or urgent referral 85 

from NHS screening program, whilst the second is a 31-day window from the decision to treat 86 

to primary treatment (surgery, drug treatment or radiotherapy) of the cancer (13). These 87 



standards have led to increasing interest in novel exercise interventions to improve CRF within 88 

truncated timeframes. It has been suggested that exercise regimens such as high intensity 89 

interval training (HIIT) may deliver clinically important improvements in CRF within a 90 

clinically relevant time frame with minimal time commitment from the patient.  91 

HIIT, defined as brief intermittent bursts of vigorous activity interspersed with periods of rest 92 

or low-intensity exercise (14), can bring more pronounced improvements in objective 93 

measures of CRF than MCT in healthy individuals over an equivalent number of weeks (15). 94 

It is unknown whether individuals with disease will benefit from HIIT in the same way. In 95 

any exercise intervention it is essential that there are high levels of adherence and compliance 96 

to maximise benefit, especially given that co-morbid patients have been shown to be poor 97 

compliers with exercise interventions (16). HIIT has previously been reported to be more 98 

enjoyable than MCT (17). Time pressure has been identified as one of the most commonly 99 

cited barriers to exercise adherence (10).  HIIT’s reduced time commitment and training 100 

volume makes it an attractive option for rapidly achieving maximal gains in CRF. 101 

Previous reviews in distinct disease groups exploring the efficacy of HIIT over longer time 102 

durations (median 12 weeks) have reported benefits of HIIT over MCT in cardio-metabolic 103 

disease (19) and possible improved efficacy in patients with chronic obstructive pulmonary 104 

disease (COPD) (20). Whereas, equal effects on CRF have been seen in HIIT and MCT in 105 

patients with coronary artery disease during cardiac rehabilitation (21). In general within 106 

disease groups, 8 – 16 week exercise programmes involving HIIT have been shown to be as 107 

effective as MCT(22), while uncontrolled studies have shown large increases in CRF 108 

following HIIT across co-morbidities as varied as cardiac disease (23), diabetes (24), obesity 109 

(25) and asthma (26). HIIT retains the advantage of requiring significantly less time 110 

commitment than MCT. 111 



The aim of this review was to compare the effect of HIIT to no exercise control (CON) or MCT 112 

on cardiorespiratory fitness (VO2peak/AT) in differing disease states over short timeframes (≤8 113 

weeks). We also aimed to identify conditions where HIIT might be particularly effective 114 

compared to CON or MCT. 115 

 116 

Methods: 117 

Study design 118 

This systematic review was prospectively registered with PROSPERO (registration number 119 

CRD42016042299) and performed according to the PRISMA statement (27). Only randomised 120 

control trials (RCT’s) evaluating HIIT vs. CON or HIIT vs. MCT were included. Other 121 

inclusion criteria were participants aged >17 years old with disease, an intervention duration 122 

of 8 weeks or less and trials where outcome data was reported pre and post intervention. Trials 123 

involving a drug treatment or dietary supplementation were excluded. We classified trials as 124 

delivering high-intensity interval training if they satisfied the following criteria: i) high 125 

intensity efforts interspersed with reduced or no effort recovery periods, and ii)  high intensity 126 

bouts >85% predicted heart rate or heart rate reserve, or iii) high intensity bouts >85% of peak 127 

power output or peak power achieved at baseline exercise test. Studies using ‘supra-maximal’ 128 

loading of >100% Wattage max at CPET or similar loading criteria were not included.  129 

Literature search 130 

Literature searches were carried out by a research team member (BD) using the following 131 

databases: MEDLINE, EMBASE, CINAHL, AMED, and PubMed, all searched from their 132 

inception to 1st December 2017, with no language restriction. A detailed search for unpublished 133 

studies was carried out on Clinicaltrials.gov. The Cochrane library of systematic reviews was 134 

searched for relevant previous reviews, whilst previous systematic reviews of related topics 135 



were also searched for relevant primary studies. References of all identified potentially relevant 136 

primary studies were hand-searched for further relevant studies. Finally, we searched for 137 

studies citing the identified potentially relevant primary studies on Google Scholar to identify 138 

any further work potentially meeting the inclusion criteria.  139 

Medical subject headings (MeSH) included the terms ‘HIIT’, ‘HIT’ and ‘EXERCISE’. Free-140 

text words included ‘exercise’, ‘high AND intensity’ and ‘interval’. Abstracts of identified 141 

studies were screened by two authors independently (JB and BD). Full text versions of 142 

potentially relevant primary studies were then independently screened against the inclusion and 143 

exclusion criteria by two authors (JB and SR) and agreement to inclusion reached by consensus. 144 

Data extraction 145 

Study characteristics (authors and year of publication, mean age (years), % female individuals, 146 

training intervention duration (weeks), number of planned exercise sessions in total, disease 147 

state, individual exercise protocols and country of origin) were extracted by one author (JB) 148 

with outcome data (VO2peak, AT, SBP, DBP, 6-MWT, QoL questionnaires, adherence data) 149 

independently extracted and verified by two authors (JB and SR). Risk of bias for included 150 

studies was assessed using the Cochrane Collaboration tool for assessing risk of bias. This was 151 

performed independently by two authors (JB and BD), with any disagreement resolved by 152 

consensus with a third party author (PH). When outcome data was only reported in graphical 153 

form, data were extracted using WebPlotDigitizer (Version 3.12, Austin, Texas, USA). 154 

Statistical analysis 155 

To facilitate meta-analysis of change variables when standard deviations (SD) of change were 156 

not reported, SDs were imputed using recommended methods described in the Cochrane 157 

Handbook (28). First, studies that reported data as SD of the difference between pre versus post 158 

values were used to calculate correlation coefficients, these were then averaged for each 159 



outcome and used these to calculate change SDs from reported baseline and final SDs. 160 

Outcomes were aggregated using a random-effects model. Changes in VO2peak and AT are 161 

presented as mean difference (MD) with 95% confidence intervals (CI), in the unit ml∙kg-1∙min-162 

1. All other continuous outcomes are also reported as MD. Minimal clinically significant 163 

improvements were defined as follows: change in VO2peak and AT >1.5 ml∙kg-1∙min-1 (12), six 164 

minute walk test (6-MWT) >17-23 meters (29,30), <systolic/ diastolic blood pressure (BP) of 165 

10mmHg/ 5mmHg(11).  166 

The I2 statistic was used to quantify statistical heterogeneity, with values above 50% taken as 167 

evidence of statistical heterogeneity. Publication bias was assessed qualitatively using funnel 168 

plots and quantitatively using Egger’s linear regression test (p<0.05 as evidence of imprecise 169 

study effects). We investigated heterogeneity using a random effects, restricted maximum 170 

likelihood meta-regression. Covariates included mean age of participants, duration of 171 

intervention (weeks) and disease cohort. For disease cohorts, we created dummy variables and 172 

used the least effective subgroup as the reference category. We report the between-study 173 

heterogeneity explained by the model (R2 analogue) with a corresponding p-value. The Knapp-174 

Hartung modification was used as the variance estimator. To assess the quality of evidence, the 175 

GRADE approach (28) was used with evidence downgraded to moderate, low or very low 176 

quality owing to concerns over unexplained heterogeneity, indirectness of evidence, possible 177 

publication bias, imprecision in effect estimates and concerns over risk of bias. All calculations 178 

were carried out using STATA 15 (StataCorp, Texas USA).  179 

 180 

Results: 181 

Search results 182 



A total of 2612 abstracts were screened for inclusion; 2570 from the initial literature search 183 

and 42 from the reference lists of other identified studies, Google Scholar citations and other 184 

systematic reviews. Of the 2612 abstracts screened, 2559 were excluded as not being relevant 185 

or duplicates, leaving 53 studies for full-text review. Of the 53 studies undergoing full text 186 

review, 14 were excluded, leaving 39 studies for inclusion in the qualitative analysis and  34 187 

studies for quantitative analysis (Figure 1 – PRISMA Flow Chart (27))(12,23,31–64). 188 

Study characteristics 189 

The characteristics of the included studies can be found in the online supplementary tables (See 190 

Tables, Supplementary Digital Content 1 (HIIT vs. CON) and 2 (HIIT vs. MCT). The earliest 191 

study meeting the inclusion criteria was published in 1999 and the latest in 2016. All studies 192 

were published as journal articles. The interventions studied were HIIT vs. CON or HIIT vs. 193 

MCT. Three studies were included in both analyses which compared HIIT vs. CON vs MCT 194 

(37,38,64). 195 

Risk of bias 196 

All included studies were at high risk of bias in at least one domain (See Figure, Supplementary 197 

Digital Content 3, which shows risk of bias summary chart). The majority of studies were at 198 

high risk of bias due to the innate difficulties in blinding participants to a physical activity 199 

intervention. A large number of studies did not describe their random sequence allocation or 200 

allocation concealment in sufficient detail to be judged as low risk of bias, and many did not 201 

describe blinding of their outcome assessment. Many studies were at risk of reporting bias and 202 

some may have suffered from attrition bias.  203 

Data synthesis 204 

There were sufficient studies to perform independent meta-analysis for VO2peak, AT, SBP and 205 

DBP for both HIIT vs. CON and HIIT vs. MCT interventions.  206 



 207 

VO2peak  208 

Of 11 study groups from 11 trials analysed for the comparison of HIIT vs. CON, comprising 209 

153 individuals in the HIIT groups and 124 CON participants, HIIT produced a clinically 210 

significant increase in VO2peak compared with CON (MD 3.38 ml∙kg-1∙min-1; 95% CI 2.7 to 211 

4.05; I2=47.8%) (Figure 2). Of 25 study groups from 24 trials comparing HIIT to MCT, 212 

comprising 359 individuals in the HIIT groups and 341 MCT participants, HIIT provided 213 

additional mean increase in VO2peak compared with MCT (MD 0.79 ml∙kg-1∙min-1; 95% CI 0.20 214 

to 1.39; I2=50.5%) (Figure 3). However, this improvement did not meet our a priori target of 215 

clinical significance (>1.5 ml∙kg-1∙min-1). Cardiovascular patients showed the greatest 216 

improvement, with clinically significant mean increases in VO2peak following HIIT (MD 1.66 217 

ml∙kg-1∙min-1; 95% CI 0.60 to 2.73, I2=43.8%) when compared to MCT (Figure 3).  218 

On meta-regression analysis, duration of intervention showed significance for HIIT vs. CON 219 

(R2=53.0%, p=0.04) but non-significant for HIIT vs. MCT (R2=5.54%, p=0.245). For HIIT vs. 220 

CON, longer duration of interventions led to larger increases in VO2peak. Neither HIIT vs. CON 221 

nor HIIT vs MCT showed significant interaction for age (R2=0%, p=0.637 and R2=0%, 222 

p=0.529 respectively). On meta-regression analysis of HIIT vs. MCT, HIIT was more effective 223 

in cardiovascular patients (R2=4.46%, p=0.057) than respiratory patients. 224 

There was no evidence of publication bias in either analysis (p=0.16 and p=0.91). The quality 225 

of evidence of VO2peak data was regarded as moderate for HIIT vs. CON (downgraded owing 226 

to concerns over risk of bias) and low for HIIT vs. MCT (downgraded owing to concerns over 227 

risk of bias and unexplained heterogeneity) using GRADE criteria  (65).  228 

AT 229 



A single study reported AT following HIIT vs. CON, showing a mean improvement in AT 230 

following HIIT vs. CON (MD 1.5 ml∙kg-1∙min-1; 95% CI 0.18 to 2.82). There was no further 231 

data available for meta-analysis to be performed in relation to anaerobic threshold for HIIT vs 232 

CON.  233 

HIIT provided additional increase in AT compared with MCT of borderline statistical but not 234 

clinical significance (MD 1.26 ml∙kg-1∙min-1; 95% CI -0.02 to 2.54, I2=38.3%) in 6 study groups 235 

from 5 trials, comprising 84 individuals receiving HIIT and 79 MCT. Cardiovascular patients 236 

showed the greatest mean improvement in AT following HIIT in comparison with MCT (MD 237 

1.61 ml∙kg-1∙min-1; 95% CI 0.33 to 2.90, I2=39.8%) (Figure 4). The quality of evidence of AT 238 

data for HIIT vs. MCT was regarded as low using GRADE criteria (downgraded owing to 239 

concerns over risk of bias and imprecision) (65). 240 

Six minute walk test 241 

A single study reported 6-MWT outcomes for HIIT vs CON with an effect size of 66 meters 242 

following HIIT (p=0.001) (66).  For the comparison of HIIT vs. MCT, six study groups from 243 

6 trials were analysed, comprising 151 individuals in the HIIT groups and 149 participants in 244 

the MCT group. HIIT delivered an increase in 6-MWT distance compared with MCT (MD 245 

11.67 meters; 95% CI 1.28 to 22.06; I2=38.9%). Cardiovascular patients showed a greater, yet 246 

clinically insignificant improvement (MD 16.64 meters; 95% CI 5.22 to 28.07; I2=31.9%) 247 

compared to respiratory patients (MD 2.05 meters; 95% CI -12.57 to 16.66; I2=0%).The quality 248 

of evidence 6-MWT was regarded as low using GRADE criteria (downgraded owing to 249 

concerns over risk of bias and imprecision)(65). 250 

Blood Pressure 251 

When analysing blood pressure changes in HIIT vs CON 6 study groups from 6 trials reported 252 

systolic blood pressure (SBP) results, whereas only 5 trials presented data for analysis of 253 



diastolic blood pressure (DBP) changes due to unreliable data in one study (47). These studies 254 

comprised 79 individuals for SBP in the HIIT groups (DBP 66 individuals) and 67 individuals 255 

for SBP in the CON groups (DBP 57 individuals). Compared to CON, HIIT provided a non-256 

significant reduction in SBP (MD -4.48 mmHg; 95% CI -11.13 to 2.18; I2=58.8%) and a 257 

statistically significant reduction in DBP (MD -3.05 mmHg; 95% CI -5.41 to -0.69; I2=0%), 258 

which however did not meet our a priori target of clinical significance (DBP -5mmHg).  259 

When analysing BP changes in HIIT vs. MCT, for SBP and DBP 8 study groups from 8 trials 260 

were included. These studies comprised 116 individuals for both SBP and DBP in the HIIT 261 

groups and 113 individuals for SBP and DBP in the CON groups. HIIT provided no additional 262 

benefit in either SBP (MD 0.48 mmHg; 95% CI -2.01 to 2.97; I2=0.0%) or DBP (MD -0.51 263 

mmHg; 95% CI -2.53 to 1.50; p=0.136; I2=36.8%) compared to MCT. The quality of evidence 264 

for blood pressure was regarded as moderate to low using GRADE criteria (downgraded owing 265 

to concerns over risk of bias and imprecision for some analyses)(65). 266 

Quality of life 267 

There was marked variation in both instrument selection and reporting of quality of life (QoL) 268 

qualitative measures and questionnaire outcomes were equivocal between both HIIT vs CON 269 

and HIIT vs MCT (See Tables, Supplementary Digital Content 4 (HIIT vs. CON) and 5 (HIIT 270 

vs. MCT), which shows quality of life questionnaire outcomes). The most commonly reported 271 

QoL questionnaire was SF-36 (67). Studies including SF-36 data did so either with a total score 272 

(overall scores) or by domains (summary scores) of the full questionnaire (i.e: Physical Health, 273 

Perceived Health, Mental Health). Dunne et al. (2016) reported that HIIT prehabilitation was 274 

associated with improvements in overall SF-36 QoL and SF-36 mental health scores (change 275 

of +11 p=0.028 and +11 p=0.037 respectively) (12). Gloeckl et al. (2012) reported increased 276 

overall SF-36 scores following both HIIT and MCT, however only the physical health 277 



summary score in the MCT group (MD 4.3 p<0.05) and the mental health summary score in 278 

the HIIT group (MD 9.7 p<0.05) improved significantly (43). Freese et al. (2014) reported 279 

clinically meaningful improvements in role-physical scores, bodily pain, vitality, social 280 

functioning, mental health and total SF-36 score following 6 weeks HIIT (41). Jaureguizar et 281 

al. (2016) reported significant increases in the role emotional, mental health, self-reported 282 

health status and the mental health index following HIIT only (48). Other quality of life 283 

questionnaires used in more than one study are summarized in supplementary digital content 284 

tables 4 and 5 as above.  285 

Anxiety / Mood 286 

Questionnaires used for anxiety and mood can be seen in the supplementary tables (See 287 

Tables, Supplementary Digital Content 4 (HIIT vs. CON) and 5 (HIIT vs. MCT), which 288 

shows quality of life questionnaires used within studies). The most commonly reported 289 

questionnaire to determine anxiety and mood was the Hospital Anxiety and Depression Scale 290 

(HADS). Again due to paucity of studies reporting values no meta-analysis was performed 291 

across HIIT vs. CON or HIIT vs. MCT. Flemmen et al.  (2014) showed a significant 292 

reduction in anxiety favouring CON (p<0.05) and a significant reduction in depression 293 

following HIIT (p<0.05), with no significant difference in reported insomnia (40). For HIIT 294 

vs. MCT both studies showed improvements in the HADS anxiety and depression domains 295 

however with no significant benefit between intervention arms (42,57).  296 

Adherence 297 

Due to widespread lack of reporting and insufficient information included within published 298 

papers, we deemed it inappropriate to analyse adherence from the number of drop-outs to each 299 

intervention, as very few studies reported the direct reason for participants dropping out in 300 

HIIT or MCT groups. Disparity in duration of exercise (weeks) led to varying numbers of 301 



scheduled sessions per study. Overall, adherence to scheduled sessions was high in both groups 302 

(See Table, Supplementary Digital Content 6, which shows reported adherence to HIIT vs. 303 

MCT protocols).  304 

  305 



Discussion: 306 

In this review of the current literature exploring the effectiveness of short duration HIIT in 307 

disease cohorts, we found that HIIT elicits clinically important improvements (>1.5 ml∙kg-308 

1∙min-1) in VO2peak within 8 weeks or less when compared to non-intervention control subjects.  309 

This is in keeping with previous data in both healthy young and older individuals (>60 years), 310 

where HIIT has been shown to improve aspects of fitness. In healthy young individuals 311 

completing sprint interval training (4-6 intervals, 30 second all-out sprints), similar adaptations 312 

in human skeletal muscle oxidative capacity and exercise performance to those undertaking 313 

MCT (90-120 minutes continuous cycling at 65% VO2peak) were seen in as little as 2-weeks, 314 

despite a vastly reduced time commitment and training volume (approximately 90% lower vs. 315 

MCT) (68). Similarly, in healthy older individuals HIIT has been shown to increase VO2peak 316 

(+8%) and reduce systolic blood pressure (-9%) in just 6-weeks (69). Moreover, in a separate 317 

study of healthy older individuals, HIIT has also recently been shown to elicit clinically 318 

significant improvements in CRF within just 31-days (70), a time-frame which is compliant 319 

with the aforementioned UK National Cancer Action Team policy on time from decision-to-320 

treat to surgery. In addition to the reduced time-frame and training volume required by HIIT to 321 

elicit improvements in CRF, HIIT may also have the added advantage of rapid adaptation at 322 

the level of skeletal muscle, resulting in fewer negative training symptoms (e.g. delayed onset 323 

muscle soreness (DOMS) (22), which is postulated to lead to increased adherence. 324 

HIIT is at least as effective as MCT over short time periods across all groups. Subgroup 325 

analysis showed additional benefit in cardiovascular patients versus other patient groups 326 

following HIIT. To exemplify, cardiovascular patients showed additional increases in VO2peak 327 

and AT following HIIT when compared with MCT. It is likely that the rapid benefit shown in 328 

this review is a result of peripheral adaptations such as mitochondrial oxidative enzyme 329 



upregulation and increased buffering capacity (68) as it is only in longer-term training 330 

programs (≥12 weeks) that improvements in cardiac structure and systolic function have been 331 

shown (71). In response to HIIT the contribution of cardiac change may be underestimated due 332 

to the research focus primarily being upon mitochondrial upregulation, with potential cardiac 333 

changes being understudied. 334 

A small number patients with cancer were included in this review, with varying outcomes. 335 

Lung, colon and breast cancer groups all showed improvement in CRF with HIIT when 336 

compared to no exercise. There was no added benefit of HIIT over MCT. Blunted adaptation 337 

in these cancer groups (shown as a lack of CRF improvement in response to HIIT compared to 338 

the overall effect of HIIT vs. CON) may be explained by blunted mitochondrial enzyme activity 339 

whilst cancers remain in situ (72). In addition, colorectal cancer patients presenting for 340 

resection have lower CRF than age-matched controls whilst the cancer is still in situ. However, 341 

removal the cancer facilitates a return toward normal CRF (73). Taken together, these studies 342 

may lead to a suggestion that tumour presence hinders adaptive capacity to exercise training, 343 

at least in this cancer type. Adjuvant chemotherapy has negative effects upon cardiorespiratory 344 

fitness preoperatively in colorectal cancer patients (74) and have resulted in higher rates of 345 

heart failure and cardiomyopathy following breast cancer chemotherapy (75), as such these 346 

confounding drug regimens must be considered when interpreting trainability within these 347 

groups.  348 

The beneficial psychological effects of exercise per se are well known but it is unclear whether 349 

HIIT is superior to MCT in improving QoL from this review. This lack of clarity is due to the 350 

heterogeneity of tools used, small numbers of studies reporting QoL outcomes and lack of 351 

suitable comparisons for many of the questionnaires. 352 



Beyond mechanistic propositions based on small-scale non-RCTs in distinct disease groups, 353 

reasons why certain pathological subgroups might not show CRF improvements with HIIT is 354 

far from clear. One possible explanation for certain subgroups is that exercise intervention 355 

studies mainly report mean improvements in CRF parameters as ml∙kg-1∙min-1, rendering obese 356 

patients at a relative disadvantage for demonstrating improvement over short periods; as in the 357 

authors’ experience individuals normally remain weight-stable during short-term HIIT 358 

protocols (often due to increased lean muscle mass and fat mass reductions). A recent meta-359 

analysis in obesity concluded that HIIT was superior to traditional exercise to improve CRF 360 

and reduce body fat percentage. Notably the median duration of training protocol for this meta-361 

analysis was 12 weeks, with a wide range of 2-52 weeks (76), which is does not comply with 362 

clinical time-frames for cancer surgery. In contrast, but in agreement with this review, another 363 

recently published meta-analysis found no clinical benefit of HIIT versus MCT in reduction of 364 

total body fat or fat mass over shorter training duration (<12 weeks) (77).  365 

To achieve benefit from HIIT it is thought that a minimal dose of exercise expenditure, or 366 

training load is required to significantly disturb intracellular homeostasis and stimulate 367 

mitochondrial biogenesis (14). This may explain why the respiratory patients seem to gain less 368 

benefit versus other pathological groups as respiratory limitation may result in low maximal 369 

exercise scores and therefore lower training loads, given that most protocols prescribe the 370 

training load as a percentage of VO2peak or maximal wattage achieved at CPET. 371 

HIIT can represent a time efficient training method by which to improve CRF,  potentially 372 

removing the commonly cited “lack of time” as a barrier to exercise (10). Time efficiency can 373 

be due to two facets, reduced work duration within a session and/or individual session time. 374 

For example, one of the most commonly employed HIIT protocols within studies in this review 375 

employed 10 intervals of 1-minute with 1-minute rest periods in between 376 

(32,49,52,58,59,62,66,78) totalling a session duration of ~20 minutes. However, another 377 



frequently used HIIT protocol employed 4 intervals of 4-minutes high intensity work with 3 378 

minute rest periods in between each bout, which led to sessions typically lasting >30-minutes 379 

(12,31,32,36,40,44,55,79) including a work duration of 16-minutes (vs. 10-minutes in the 380 

aforementioned example). Herein we show that, excluding warm-up and end of session 381 

recovery periods, median work duration during a HIIT session was half of that for MCT 382 

protocols (16-minutes vs. 30-minutes). In addition, a number of studies in this review 383 

(34,41,42,46,48,49,51,53,54,58–63) used low volume HIIT protocols, involving 10 minutes 384 

(or less) total work duration (80). Indeed, CRF improvements have been shown in as little as 385 

ten percent of the training volume with HIIT when compared to MCT (81). Taken in 386 

combination, reductions in regime duration, total volume of training and weekly time 387 

commitment represent important drivers for enhancing adherence and reducing costs 388 

associated with patient training. However, further work is required to elucidate the optimal 389 

work-to-rest ratios within HIIT protocols, which may further reduce the total time commitment 390 

for the individual. It is also worth noting whilst the majority (>90%) of studies within this 391 

review utilised a static cycle-ergometer for HIIT other training modalities (e.g. running) maybe 392 

viable. However further work is needed to assess the efficacy and tolerability when compared 393 

to cycle ergometry within certain patient groups.  394 

Quality of life and mood outcomes analysed in this review were pre-to-post training program 395 

questionnaires; mostly global QoL scores or disease specific questionnaires. These outcomes 396 

are not specific enough to draw conclusions as to whether individuals preferred HIIT or 397 

MCT. However as there were no significant differences in the number of non-compliers, 398 

adherence to scheduled sessions (See Table, Supplementary Digital Content 6) or reported 399 

serious adverse events leads us to believe that neither HIIT nor MCT are inferior for 400 

enjoyment, acceptability or safety when compared.  401 

Limitations 402 



The studies in this review have a high risk of bias, some of which is unavoidable because of 403 

the nature of exercise intervention studies and the inability to blind participants (See Figure, 404 

Supplementary Digital Content 3, which shows risk of bias summary chart). There is also a 405 

risk of contamination between HIIT and non-intervention controls. In addition, heterogeneity 406 

amongst HIIT protocols, training duration, chronological age and pathology leads to 407 

uncertainty about the true effectiveness of interventions (82) (See Tables, Supplementary 408 

Digital Content 1, 2, 7 and 8, which show paper characteristics and training protocols / 409 

durations).  410 

Conclusions 411 

We have shown that HIIT leads to clinically significant improvements in CRF within 8 weeks 412 

in patients with disease, when compared to no intervention. HIIT also resulted in statistically 413 

significant improvements in CRF compared to MCT, with clinically significant benefit seen 414 

in cardiovascular patients. Due to the reduced exercise volume and improved efficacy (versus 415 

MCT) in certain clinical groups, HIIT can be promoted as a viable clinical exercise 416 

intervention to rapidly improve CRF.  417 

Acknowledgements: P Herrod is supported by a research training fellowship jointly awarded 418 

by the Royal College of Surgeons of England and The Dunhill Medical Trust.  419 

Conflicts of interest: None declared. The results of the present study do not constitute 420 

endorsement by ACSM. The results of the study are presented clearly, honestly, and without 421 

fabrication, falsification, or inappropriate data manipulation. 422 

References: 423 

1.  Snowden CP, Prentis J, Jacques B, et al. Cardiorespiratory Fitness Predicts Mortality 424 

and Hospital Length of Stay After Major Elective Surgery in Older People. Ann Surg. 425 



2013;257(6):999–1004.  426 

2.  Older P. Anaerobic threshold, is it a magic number to determine fitness for surgery? 427 

Perioper Med. 2014/01/30. 2013;2(1):2.  428 

3.  Kodama S, Saito K, Tanaka S, et al. Cardiorespiratory Fitness as a Quantitative 429 

Predictor of All-Cause Mortality and Cardiovascular Events. Jama. 430 

2009;301(19):2024–35.  431 

4.  Kokkinos P. Physical Activity, Health Benefits, and Mortality Risk. ISRN Cardiol. 432 

2012;2012:1–14.  433 

5.  Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, et al. Exercise and physical 434 

activity for older adults. Med Sci Sports Exerc. 2009;41(7):1510–30.  435 

6.  G Whyte. Advances in sport and exercsie sciences series: The Physiology of Training. 436 

1st ed. Churchill Vilingstone Elsevier; 2006. 68-71 p.  437 

7.  WHO. World Health Organisation - Physical Activity and Adults. 2011;  438 

8.  Haskell WL, Lee I-M, Pate RR, et al. Physical activity and public health: updated 439 

recommendation for adults from the American College of Sports Medicine and the 440 

American Heart Association. Circulation. 2007;116(9):1081.  441 

9.  Department of Health Physical Activity Health Improvement and Protection. Start 442 

Active , Stay Active. Report. 2011;62.  443 

10.  Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults’ 444 

participation in physical activity: review and update. Med Sci Sports Exerc. 445 

2002;34(12):1996–2001.  446 

11.  Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention 447 



of cardiovascular disease : meta-analysis of 147 randomised epidemiological studies. 448 

Br Med J. 2009;338(may19 1):b1665–b1665.  449 

12.  Dunne DFJ, Jack S, Jones RP, et al. Randomized clinical trial of prehabilitation before 450 

planned liver resection. Br J Surg. 2016;103(5):504–12.  451 

13.  N.C.I.N. National Cancer Action Team. Cancer waiting times: a guide (Version 7). 452 

2012.  453 

14.  Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations to low-454 

volume, high-intensity interval training in health and disease. J Physiol. 2012;590(Pt 455 

5):1077–84.  456 

15.  Milanović Z, Sporiš G, Weston M. Effectiveness of High-Intensity Interval Training 457 

(HIT) and Continuous Endurance Training for VO2max Improvements: A Systematic 458 

Review and Meta-Analysis of Controlled Trials. Sport Med. 2015;45:1469–81.  459 

16.  Van Der Wal MHL, Jaarsma T, Van Veldhuisen DJ. Non-compliance in patients with 460 

heart failure; How can we manage it? Eur J Heart Fail. 2005;7(1):5–17.  461 

17.  Kilpatrick M, Jung M, Little J. High-intensity interval training. A review of 462 

physiological and Psychological respondes. Am Coll Sport Med. 2014;18(5):11–6.  463 

18.  Stutts WC. Physical Activity Determinants in Adults. AAOHN J. 2002;50(11):499–464 

507.  465 

19.  Weston KS, Wisloff U, Coombes JS. High-intensity interval training in patients with 466 

lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J 467 

Sport Med. 2014;48(16):1227–34.  468 

20.  Beauchamp MK, Nonoyama M, Goldstein RS, Hill K, Dolmage TE, Mathur S. 469 

Interval versus continuous training in individuals with chronic obstructive pulmonary 470 



disease- a systematic review. Thorax. 2010;65(2):157–64.  471 

21.  Tschentscher M, Eichinger J, Egger A, Droese S, Schonfelder M, Niebauer J. High-472 

intensity interval training is not superior to other forms of endurance training during 473 

cardiac rehabilitation. Eur J Prev Cardiol. 2016;23(1):14–20.  474 

22.  Ross LM, Porter RR, Durstine JL. High-intensity interval training (HIIT) for patients 475 

with chronic diseases. J Sport Heal Sci. 2016;5(2):139–44.  476 

23.  Wisloff U, Stoylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic 477 

interval training versus moderate continuous training in heart failure patients: a 478 

randomized study. Circulation. 2007;115(24):3086–94.  479 

24.  Little JP, Gillen JB, Percival ME, et al. Low-volume high-intensity interval training 480 

reduces hyperglycemia and increases muscle mitochondrial capacity in patients with 481 

type 2 diabetes. J Appl Physiol. 2011;111(6):1554–60.  482 

25.  A. Alahmadi M. High-intensity Interval Training and Obesity. J Nov Physiother. 483 

2014;4(3).  484 

26.  Emtner M, Herala M, Stålenheim G. High-intensity physical training in adults with 485 

asthma: A 10-week rehabilitation program. Chest. 1996;109(2):323–30.  486 

27.  Moher D, Liberati A, Tetzlaff J, Altman DG. Academia and Clinic Annals of Internal 487 

Medicine Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 488 

PRISMA Statement. Annu Intern Med. 2009;151(4):264–9.  489 

28.  The Cochrane Collaboration. Cochrane Handbook for Systematic Reviews of 490 

interventions Version 5.0.2. Higgins J, Green S, editors. 2008. 16.1.3.2.  491 

29.  Gremeaux V, Troisgros O, Benaïm S, et al. Determining the Minimal Clinically 492 

Important Difference for the Six-Minute Walk Test and the 200-Meter Fast-Walk Test 493 



During Cardiac Rehabilitation Program in Coronary Artery Disease Patients After 494 

Acute Coronary Syndrome. Arch Phys Med Rehabil. 2011 Apr;92(4):611–9.  495 

30.  Kwok BC, Pua YH, Mamun K, Wong WP. The minimal clinically important 496 

difference of six-minute walk in Asian older adults. BMC Geriatr. 2013;13(1):23.  497 

31.  Angadi SS, Mookadam F, Lee CD, et al. High-intensity interval training vs. moderate-498 

intensity continuous exercise training in heart failure with preserved ejection fraction: 499 

a pilot study. J Appl Physiol. 2015;119(6):753–8.  500 

32.  Baekkerud FH, Solberg F, Leinan IM, Wisløff U, Karlsen T, Rognmo Ø. Comparison 501 

of Three Popular Exercise Modalities on V˙ O2max in Overweight and Obese. Med 502 

Sci Sports Exerc. 2016;48(3):491–8.  503 

33.  Beale L, McIntosh R, Raju P, Guy L, Brickley G. A Comparison of High Intensity 504 

Interval Training with Circuit Training in a Short-Term Cardiac Rehabilitation 505 

Programme for Patients with Chronic Heart Failure. Int J Phys Med Rehabil. 506 

2013;1(6):1–7.  507 

34.  Boyne P, Dunning K, Carl D, et al. High-Intensity Interval Training and Moderate-508 

Intensity Continuous Training in Ambulatory Chronic Stroke: Feasibility Study. Phys 509 

Ther. 2016;96(10):1533–44.  510 

35.  Coppoolse R, Schols AM, Baarends EM, et al. Interval versus continuous training in 511 

patients with severe COPD: a randomized clinical trial. Eur Respir Journa. 512 

1999;14(2):258–63.  513 

36.  Devin JL, Sax AT, Hughes GI, et al. The influence of high-intensity compared with 514 

moderate-intensity exercise training on cardiorespiratory fitness and body composition 515 

in colorectal cancer survivors: a randomised controlled trial. J Cancer Surviv. 516 



2016;10(3):467–79.  517 

37.  Dolan LB, Campbell K, Gelmon K, Neil-Sztramko S, Holmes D, McKenzie DC. 518 

Interval versus continuous aerobic exercise training in breast cancer survivors: a pilot 519 

RCT. Support Care Cancer. 2016;24(1):119–27.  520 

38.  Mobius-Winkler S, Uhlemann M, Adams V, et al. Coronary Collateral Growth 521 

Induced by Physical Exercise: Results of the Impact of Intensive Exercise Training on 522 

Coronary Collateral Circulation in Patients with Stable Coronary Artery Disease 523 

(EXCITE) Trial. Circulation. 2016;133(15):1438–48.  524 

39.  Fisher G, Brown AW, Bohan Brown MM, et al. High intensity interval- vs moderate 525 

intensity- training for improving cardiometabolic health in overweight or obese males: 526 

A Randomized controlled trial. PLoS One. 2015;10(10):1–15.  527 

40.  Flemmen G, Unhjem R, Wang E, et al. High-intensity interval training in patients with 528 

substance use disorder. Biomed Res Int. 2014;2014:616935.  529 

41.  Freese EC, Acitelli RM, Gist NH, Cureton KJ, Evans EM, O’Connor PJ. Effect of six 530 

weeks of sprint interval training on mood and perceived health in women at risk for 531 

metabolic syndrome. J Sport Exerc Psychol. 2014;36(6):610–8.  532 

42.  Freyssin C, Verkindt C, Prieur F, Benaich P, Maunier S, Blanc P. Cardiac 533 

rehabilitation in chronic heart failure: Effect of an 8-week, high-intensity interval 534 

training versus continuous training. Arch Phys Med Rehabil. 2012;93(8):1359–64.  535 

43.  Gloeckl R, Halle M, Kenn K. Interval versus continuous training in lung transplant 536 

candidates: a randomized trial. J Hear Lung Transplant. 2012;31(9):934–41.  537 

44.  Heggelund J, Nilsberg GE, Hoff J, Morken G, Helgerud J. Effects of high aerobic 538 

intensity training in patients with schizophrenia: a controlled trial. Nord J Psychiatry. 539 



2011;65(4):269–75.  540 

45.  Hermann TS, Dall CH, Christensen SB, Goetze JP, Prescott E, Gustafsson F. Effect of 541 

high intensity exercise on peak oxygen uptake and endothelial function in long-term 542 

heart transplant recipients. Am J Transplant. 2011;11(3):536–41.  543 

46.  Higgins S, Fedewa M V, Hathaway ED, Schmidt MD, Evans EM. Sprint interval and 544 

moderate-intensity cycling training differentially affect adiposity and aerobic capacity 545 

in overweight young-adult women. Appl Physiol Nutr Metab. 2016;41(11):1177–83.  546 

47.  Hwang C-L, Yu C-J, Shih J-Y, Yang P-C, Wu Y-T. Effects of exercise training on 547 

exercise capacity in patients with non-small cell lung cancer receiving targeted 548 

therapy. Support Care Cancer. 2012;20(12):3169–77.  549 

48.  Jaureguizar, KV., Vincente-Campos, D., Bautista, LR., de la Pena, CH., Gomez, MJ., 550 

Rueda, MJC., Mahillo I. Effect of High-intensity Interval Versus Continuous Exercise 551 

Training on Functional Capacity and Quality of Life in Patients with Coronary Artery 552 

Disease. J Cardiopulm Rehabil Prev. 2016;36:96–105.  553 

49.  Jung ME, Bourne JE, Beauchamp MR, Robinson E, Little JP. High - Intensity Interval 554 

Training as an Efficacious Alternative to Moderate - Intensity Continuous Training for 555 

Adults with Prediabetes. J Diabetes Res. 2015;2015.  556 

50.  Huang GH, Ismail H, Murnane A, Kim P, Riedel B. Structured exercise program prior 557 

to major cancer surgery improves cardiopulmonary fitness: a retrospective cohort 558 

study. Support Care Cancer. 2015;24(5):2277–85.  559 

51.  Kong Z, Fan X, Sun S, Song L, Shi Q, Nie J. Comparison of High-Intensity Interval 560 

Training and Moderate-to-Vigorous Continuous Training for Cardiometabolic Health 561 

and Exercise Enjoyment in Obese Young Women: A Randomized Controlled Trial. 562 



PLoS One. 2016;11(7):e0158589.  563 

52.  Lanzi S, Codecasa F, Cornacchia M, et al. Short-term HIIT and Fat max training 564 

increase aerobic and metabolic fitness in men with class II and III obesity. Obes 565 

(Silver Spring). 2015;23(10):1987–94.  566 

53.  Mador MJ, Krawza M, Alhajhusian A, et al. Interval training versus continuous 567 

training in patients with chronic obstructive pulmonary disease. J Cardiopulm Rehabil 568 

Prev. 2009;29(2):126–32.  569 

54.  Matsuo T, So R, Shimojo N, Tanaka K. Effect of aerobic exercise training followed by 570 

a low-calorie diet on metabolic syndrome risk factors in men. Nutr Metab Cardiovasc 571 

Dis. 2015;25(9):832–8.  572 

55.  Moholdt TT, Amundsen BH, Rustad LA, et al. Aerobic interval training versus 573 

continuous moderate exercise after coronary artery bypass surgery: a randomized study 574 

of cardiovascular effects and quality of life. Am Hear J. 2009;158(6):1031–7.  575 

56.  Monk-Hansen T, Dall CH, Christensen SB, et al. Interval training does not modulate 576 

diastolic function in heart transplant recipients. Scand Cardiovasc J. 2014;48(2):91–8.  577 

57.  Puhan MA. Interval versus Continuous High-Intensity Exercise in Chronic Obstructive 578 

Pulmonary Disease. Ann Intern Med. 2006;145:816–25.  579 

58.  Robinson E, Durrer C, Simtchouk S, et al. Short-term high-intensity interval and 580 

moderate-intensity continuous training reduce leukocyte TLR4 in inactive adults at 581 

elevated risk of type 2 diabetes. J Appl Physiol. 2015;119(5):508–16.  582 

59.  Sawyer BJBJ, Tucker WJWJ, Bhammar DMDM, et al. Effects of high-intensity 583 

interval training and moderate-intensity continuous training on endothelial function 584 

and cardiometabolic risk markers in obese adults. J Appl Physiol. 2016;121(1):279–88.  585 



60.  Schmitt J, Lindner N, Reuss-Borst M, Holmberg H-C, Sperlich B. A 3-week 586 

multimodal intervention involving high-intensity interval training in female cancer 587 

survivors: a randomized controlled trial. Physiol Rep. 2016;4(3):365–76.  588 

61.  Skleryk JR, Karagounis LG, Hawley JA, Sharman MJ, Laursen PB, Watson G. Two 589 

weeks of reduced‐volume sprint interval or traditional exercise training does not 590 

improve metabolic functioning in sedentary obese men. Diabetes, Obes Metab. 591 

2013;15(12):1146–53.  592 

62.  Smith-Ryan AE, Trexler ET, Wingfield HL, Blue MNMM. Effects of high-intensity 593 

interval training on cardiometabolic risk factors in overweight/obese women. J Sports 594 

Sci. 2016;34(21):2038–46.  595 

63.  Trilk JL, Singhal A, Bigelman KA, Cureton KJ. Effect of sprint interval training on 596 

circulatory function during exercise in sedentary, overweight/obese women. Eur J 597 

Appl Physiol. 2011;111(8):1591–7.  598 

64.  Wallman K, Plant L a, Rakimov B, Maiorana AJ. The Effects of Two Modes of 599 

Exercise on Aerobic Fitness and Fat Mass in an Overweight Population. Res Sport 600 

Med. 2009;17(3):156–70.  601 

65.  Abbasi K, Paterson-brown S. Education and debate. Br Med J. 1998;317(August):401–602 

10.  603 

66.  Licker M, Karenovics W, Diaper J, et al. Short-Term Preoperative High-Intensity 604 

Interval Training in Patients Awaiting Lung Cancer Surgery: A Randomized 605 

Controlled Trial. J Thorac Oncol. 2017;12(2):323–33.  606 

67.  Ware, J. E. J. SF-36 Health Survey. The use of psychological testing for treatment 607 

planning and outcomes assessment. M E Maruish. 1999;1227–46.  608 



68.  Gibala MJ, Little JP, van Essen M, et al. Short-term sprint interval versus traditional 609 

endurance training: similar initial adaptations in human skeletal muscle and exercise 610 

performance. J Physiol. 2006;575(Pt 3):901–11.  611 

69.  Adamson SB, Lorimer R, Cobley JN, Babraj JA. Extremely Short–Duration High‐612 

Intensity Training Substantially Improves the Physical Function and Self‐Reported 613 

Health Status of Elderly Adults. J Am Geriatr Soc. 2014;62(7):1380–1.  614 

70.  Boereboom CL, Phillips BE, Williams JP, Lund JN. A 31-day time to surgery 615 

compliant exercise training programme improves aerobic health in the elderly. Tech 616 

Coloproctol. 2016;20(6):375–82.  617 

71.  Cassidy S, Thoma C, Hallsworth K, et al. High intensity intermittent exercise improves 618 

cardiac structure and function and reduces liver fat in patients with type 2 diabetes: a 619 

randomised controlled trial. Diabetologia. 2016;59(1):56–66.  620 

72.  Phillips BE, Smith K, Liptrot S, et al. Effect of colon cancer and surgical resection on 621 

skeletal muscle mitochondrial enzyme activity in colon cancer patients: A pilot study. 622 

J Cachexia Sarcopenia Muscle. 2013;4(1):71–7.  623 

73.  Williams JP, Nyasavajjala SM, Phillips BE, Chakrabarty M, Lund JN. Surgical 624 

resection of primary tumour improves aerobic performance in colorectal cancer. Eur J 625 

Surg Oncol. 2013/12/18. 2014;40(2):220–6.  626 

74.  Jack S, West MA, Raw D, et al. The effect of neoadjuvant chemotherapy on physical 627 

fitness and survival in patients undergoing oesophagogastric cancer surgery. Eur J 628 

Surg Oncol. 2014/04/16. 2014;40(10):1313–20.  629 

75.  Bowles EJA, Wellman R, Feigelson HS, et al. Risk of Heart Failure in Breast Cancer 630 

Patients After Anthracycline and Trastuzumab Treatment: A Retrospective Cohort 631 



Study. JNCI J Natl Cancer Inst. 2012;104(17):1293–305.  632 

76.  Türk Y, Theel W, Kasteleyn MJ, et al. High intensity training in obesity: a Meta-633 

analysis. Obes Sci Pract. 2017;(8).  634 

77.  Keating SE, Johnson NA, Mielke GI, Coombes JS. A systematic review and meta-635 

analysis of interval training versus moderate-intensity continuous training on body 636 

adiposity. Obes Rev. 2017;18(8):943–64.  637 

78.  Andersen G, Heje K, Buch AE, Vissing J. High-intensity interval training in 638 

facioscapulohumeral muscular dystrophy type 1: a randomized clinical trial. J Neurol. 639 

2017;264(6):1099–106.  640 

79.  Kim, C. Choi, HE. Lim M. Effect of High interval training in acute myocardial 641 

infarction patients with drug-eluting stent. Am J Phys Med Rehabil. 2015;94(10):879–642 

86.  643 

80.  Gibala MJ, Gillen JB, Percival ME. Physiological and Health-Related Adaptations to 644 

Low-Volume Interval Training: Influences of Nutrition and Sex. Sport Med. 645 

2014;44:127–37.  646 

81.  Burgomaster KA, Howarth KR, Phillips SM, et al. Similar metabolic adaptations 647 

during exercise after low volume sprint interval and traditional endurance training in 648 

humans. J Physiol. 2008;586(1):151–60.  649 

82.  Hijazi Y, Gondal U, Aziz O. A systematic review of prehabilitation programs in 650 

abdominal cancer surgery. Int J Surg. 2017;39:156–62.  651 

 652 

 653 



Figure Captions: 654 

Figure 1: PRISMA Flow Diagram 655 
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 658 



Figure 2: Forest plot showing meta-analysis of VO2peak data for HIIT vs CON (WMD ml∙kg-1∙min-1
). 659 

Diamonds to the right of the plot show benefit with HIIT.  660 
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Figure 3: Forest plot showing meta-analysis of VO2peak data for HIIT vs MCT (WMD ml∙kg-1∙min-1
). 670 

Diamonds to the right of the plot show benefit with HIIT.  671 
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Figure 4: Forest plot showing meta-analysis of AT data for HIIT vs MCT (WMD ml∙kg-1∙min-1
). Diamonds to 680 

the right of the plot show benefit with HIIT.  681 
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