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ABSTRACT 30 

 31 

We compared cardiometabolic demand and post-exercise enjoyment between continuous 32 

walking (CW) and time- and intensity-matched interval walking (IW) in insufficiently active 33 

adults.  Sixteen individuals (13 females and three males, age 25.3 ± 11.1 years) completed 34 

one CW and one IW session lasting 30 min in a randomised counterbalanced design.  For CW, 35 

participants walked at a mean intensity of 65-70% predicted maximum heart rate (HRmax).  For 36 

IW, participants alternated between 3 min at 80% HRmax and 2 min at 50% HRmax.  Expired gas 37 

was measured throughout each protocol.  Participants rated post-exercise enjoyment 38 

following each protocol.  Mean HR and V�O2 showed small positive differences in IW vs. CW 39 

(2, 95%CL 0, 4 beat.min-1; d = 0.23, 95%CL 0.06, 0.41 and 1.4, 95%CL 1.2 ml.kg-1.min-1, d = 40 

0.36, 95%CL 0.05, 0.65, respectively).  There was a medium positive difference in overall kcal 41 

expenditure in IW vs. CW (25, 95%CL 7 kcal, d = 0.58, 95%CL 0.33, 0.82).  Post-exercise 42 

enjoyment was moderately greater following IW vs. CW (9.1, 95%CL 1.4, 16.8 AU, d = 0.62, 43 

95%CL 0.06, 0.90), with 75% of participants reporting IW as more enjoyable.  Interval walking 44 

elicits meaningfully greater energy expenditure and is more enjoyable than CW in 45 

insufficiently active, healthy adults.   46 

  47 

 48 

 49 

 50 

Keywords: energy expenditure; affective responses; health; physical activity   51 
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INTRODUCTION 52 

 53 

A common way of achieving health-enhancing physical activity (PA) is via structured exercise.1  54 

In recent years, high-intensity interval exercise (HIIE) has emerged as a popular exercise 55 

method.  High-intensity interval exercise involves repeated bouts of intense or all-out activity 56 

interspersed with recovery periods.  Evidence suggests that HIIE can elicit similar or 57 

greater health and fitness benefits than moderate-intensity continuous-exercise 58 

(MICE) within a given timeframe.2  This evidence has led some researchers 59 

to suggest HIIE may be an effective tool for insufficiently active individuals.3 60 

 61 

There is some evidence that the affective judgements (which includes the construct of 62 

enjoyment) of a PA experience such as an exercise session are associated with future exercise 63 

behaviour 4 5.  As adherence to an exercise intervention is a key determinant of its potential 64 

efficacy, measures of enjoyment should be factored into the evaluation of proposed 65 

interventions.  A criticism of HIIE as a public health tool is that due to its high-intensity nature 66 

a large proportion of the general population are unlikely to find it enjoyable and therefore 67 

are unlikely to adhere to it 3 6.  However, review-level evidence indicates that in the majority 68 

of publications comparing HIIE and continuous exercise, enjoyment following HIIE was similar 69 

or greater than following continuous exercise 7 8.   70 

 71 

Of the 18 publications reviewed by Stork, et al. 7 that compared post-exercise enjoyment of 72 

interval exercise and continuous exercise, 10 used participants who were a combination of 73 

sedentary, insufficiently active, presenting with pre-existing health conditions, overweight, or 74 

obese.  Therefore, the enjoyment data on HIIE does not solely relate to healthy, physically 75 

active individuals.  Nevertheless, there is notable heterogeneity in post-HIIE enjoyment 76 

responses 7 8.  This heterogeneity is likely rooted in HIIE protocol differences and individual 77 

differences.  The number and duration of work bouts in a HIIE protocol, and overall protocol 78 

intensity, influence perceptions of HIIE 9-11.  Individual differences in aerobic fitness and self-79 

reported tolerance of exercise intensity also influence perceptions of and intentions to repeat 80 

HIIE 9 12.  Taken together, this data suggests that HIIE may be worthy of further consideration 81 

as a tool for increasing general population PA.  However, it is important that future work 82 
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focuses on exploring alternative methods and modes of HIIE, as the available evidence clearly 83 

shows that a given HIIE intervention does not suit everyone. 84 

 85 

Walking is an accessible activity with clear potential to improve public health 13.  Despite ease 86 

of access to this activity, prevalence statistics suggest that a large proportion of people are 87 

not engaging in sufficient PA or exercise to improve health 1.  As walking is of a lower intensity 88 

than other forms of activity lack of engagement may be less related to concerns about 89 

intensity and more related to perceptions regarding lack of time and enjoyment 14.  The 90 

available evidence suggests that HIIE is as enjoyable or more so than MICE 7, perhaps due to 91 

the constantly changing stimulus 15.  Therefore, an interval walking (IW) protocol may 92 

represent an accessible and enjoyable form of activity.      93 

 94 

Currently, there are no data specifically detailing the acute cardiometabolic response to time- 95 

and intensity-matched IW compared with CW, nor on people’s comparative enjoyment of 96 

these modes of activity.  The time matching element is important in terms of assessing 97 

possible differences in health gains for the same time spent exercising, in contrast to much 98 

HIIE literature that considers the time-efficiency of interval based activity. Characterising the 99 

acute cardiometabolic response to IW would facilitate its appropriate prescription for 100 

attainment of specific goals (e.g. increased aerobic fitness, body composition changes).  101 

Quantifying enjoyment of IW is important due to the potential association between 102 

enjoyment of exercise and adherence to that exercise 4.  103 

 104 

This study compared cardiometabolic and enjoyment responses between a single session of 105 

IW and CW in insufficiently active, healthy adults.  We hypothesised that IW would elicit 106 

meaningfully greater energy expenditure than CW, and that participants would report IW to 107 

be meaningfully more enjoyable than CW. 108 

 109 

  110 
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METHODS 111 

 112 

Participants 113 

 114 

Sixteen adults (13 females and three males, mean age 25.3 ± 11.1 years, height 168 ± 9 cm, 115 

body mass 68.6 ± 13.4 kg, body mass index 24.4 ± 5.7, range 18.3 – 35.7) were recruited.  116 

Inclusion criteria were: safe to participate in exercise (determined via a physical activity 117 

readiness questionnaire), healthy with no known illness or other condition that could 118 

influence physiological responses to exercise (determined via a pre-study medical screening 119 

questionnaire), insufficiently active (defined as the participant self-reporting that they did not 120 

meet the current UK weekly PA guidelines 1 on average for the preceding six months), and 121 

unfamiliar with HIIE participation.  Participants were recruited via advertisements in the 122 

Institution at which the research was conducted, and local businesses. As this was the first 123 

study to compare metabolic responses to CW and IW, we recruited healthy individuals free 124 

from known metabolic complications such as diabetes that could influence substrate use and 125 

perception of exercise difficulty 16 17.  This approach allowed us to generate a baseline 126 

metabolic response to CW and IW while minimising the potential influence of confounding 127 

factors.  The study received ethical approval from a University of Edinburgh, Moray House 128 

School of Education ethics sub-committee. 129 

 130 

Experimental design 131 

 132 

Testing took place in a climate-controlled laboratory (temperature 20-21°C, relative humidity 133 

50-55%) to standardise and control the sessions, providing clearer potential justification for 134 

further research using field protocols.  Participants were instructed to avoid strenuous 135 

activity, refrain from caffeine and alcohol consumption, and consume a similar diet (including 136 

timing of dietary intake) for 24 h before each session.  A within-participants design with each 137 

participant completing both trials enabled comparison of responses to both protocols.  Using 138 

a random number generator (www.researchrandomizer.org), trial order was determined in a 139 

counterbalanced fashion.  Within participants, trials were conducted at the same time of day 140 

at least three days apart.  Session duration and mean intensity were matched as these 141 

influence exercise enjoyment 18 19; standardising them better isolated the moderating effect 142 
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of exercise method.  Interactions during exercise between the researcher and participant 143 

were standardised and limited to required data collection.  144 

 145 

Familiarisation trial 146 

 147 

Anthropometric data were collected (body mass: SECA 803 weighing scales (SECA, Hamburg, 148 

Germany); height: SECA 213 stadiometer (SECA Hamburg, Germany)).  Maximum HR (HRmax) 149 

was derived using the equation 208 - (0.7 x age) as this is the most valid age-related prediction 150 

equation (r = -0.90 between estimated HRmax and age)  20.  We did not directly measure HRmax 151 

via a maximal exercise test due to the insufficiently active nature of the participants and the 152 

likelihood that a maximal exercise test would not precede the use of HR-based intensity 153 

monitoring in real-world interventions of this nature.   154 

 155 

Participants were introduced to the two-way non-rebreathing facemask (7450 Series V2, Hans 156 

Rudolph, Kansas, USA) and online gas analyser (Cortex Metalyzer 3B R2, Leipzig, Germany).  157 

They were then fitted with the facemask and mounted the motorised treadmill (ELG-70, 158 

Woodway, Germany) whereupon they walked at 3 km.h-1 for six minutes.  159 

 160 

Continuous walking trial 161 

 162 

Participants warmed up by walking on the treadmill for 5 min at 3 km.h-1.  They were then 163 

fitted with a HR monitor (Polar Wearlink FS3, Finland) and the gas analyser facemask.  164 

Participants then walked for 30 min at 65-70% of predicted HRmax 21, in line with UK PA 165 

guidelines 1.  Starting speed was approximated based on individual HR responses in the 166 

familiarisation trial, with the aim to attain target HR within 60 sec.  The investigator 167 

maintained target HR by adjusting treadmill speed according to live data from the HR monitor.  168 

On completion of the walk, the facemask was removed and participants walked for 5 min at 169 

3 km.h-1 to cool down.   170 

 171 

Interval walking trial 172 

 173 
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The IW trial followed the same procedures as the CW trial, also lasting 30 min.  Based on 174 

published IW protocols 22, the trial consisted of 6 x 3 min high-intensity walking (80% HRmax) 175 

interspersed with two minutes at low intensity (50% HRmax) 23.  The cumulative time spent at 176 

these two exercise intensities was designed to provide an overall session intensity of 68% 177 

HRmax, matching the CW trial.   178 

 179 

Measurements 180 

 181 

Heart rate was sampled at 1 sec intervals throughout exercise and presented as session 182 

means.  Oxygen consumption and respiratory exchange ratio (RER) were exported as 1 min 183 

means.  From this data, mean session VO2 was calculated.  Overall kilocalorie (kcal) 184 

expenditure and kcal expenditure attributable to carbohydrate (CHO) and fat metabolism for 185 

each minute of exercise was calculated using a non-protein RER table, which provides the 186 

caloric expenditure (Kcal.min-1) and the contribution of CHO and fat (Kcal.min-1) to this caloric 187 

expenditure at different RER values.  The per-minute values for CHO and fat contribution were 188 

summed for each participant to calculate session means.  189 

 190 

We assessed post-exercise enjoyment using the Physical Activity Enjoyment Scale (PACES) 191 

immediately following the cool-down in each trial 24.  The PACES consists of 18 items scored 192 

on a seven-point bipolar rating scale.  The items were summed to produce an overall 193 

enjoyment score (range 18-126).  Whilst enjoyment during exercise can differ from 194 

enjoyment prior to and after exercise 5, immediately following exercise is a well-established 195 

timeframe to measure enjoyment and affective responses 25.   196 

 197 

Data analysis 198 

 199 

Null hypothesis significance testing (NHST) readily yields false conclusions about the existence 200 

of an effect and the practical meaning of data; P values are also subject to large variation due 201 

to sampling variability 26.  As a result, eminent statistical organisations have recently 202 

published extensively on moving away from NHST 27.  This guidance recommends that 203 

researchers do not conclude anything about the practical or scientific importance of data 204 

based on statistical significance 27.  Alongside words of caution about NHST, researchers are 205 
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recommended to analyse data in a way that provides meaningful information about precision 206 

and uncertainty in the data, and the likely population effect based on the data 28.  We take 207 

this approach in our analysis. 208 

 209 

Data normality was assessed using the Shapiro-Wilk test.  For HR and V�O2, total kcal 210 

expenditure, kcal expenditure from CHO and fat, and overall PACES score, mean difference 211 

with 95% confidence limits (95%CL) between the two trials (IW – CW) was calculated.  Cohen’s 212 

d effect size (ES) for the mean difference was calculated using the equation:  213 

 214 

𝑑𝑑 =  
𝑋𝑋�𝐼𝐼𝐼𝐼  −  𝑋𝑋�𝐶𝐶𝐶𝐶

𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
 215 

 216 

Where 𝑋𝑋�𝐼𝐼𝐼𝐼 = mean of IW trial, 𝑋𝑋�𝐶𝐶𝐶𝐶 = mean of CW trial, and 𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  = mean of the IW and CW 217 

standard deviations: 218 

 219 

𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =  �
𝑠𝑠𝐼𝐼𝐼𝐼2  +  𝑠𝑠𝐶𝐶𝐶𝐶2

2
  220 

 221 

Mean standard deviation represents the best estimate of the population standard deviation 222 

in within-participants designs, and is therefore the recommended standardiser for d 29.  For 223 

the mean difference ES, 95% confidence limits (95%CL) were estimated using the procedure 224 

described by Algina and Keselman 30.  The magnitude of ES was defined as trivial (d < 0.2), 225 

small (d ≥ 0.2, <0.5), medium (d ≥ 0.5, <0.8), and large (d ≥ 0.8), expressed in units of standard 226 

deviation 31.  Differences between trials are reported in the text in the following manner:  227 

 228 

[mean difference, 95%CL for that difference followed by units of measurement]; [Cohen’s d 229 

ES for the difference, 95%CL for that ES] 230 

 231 

Worked example: 232 

 233 

2, 95%CL 0,4 beat.min-1; d = 0.23, 95%CL 0.06, 0.41 234 

 235 
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RESULTS 236 

 237 

Cardiometabolic demand 238 

 239 

The second-by-second HR response to both protocols is in figure 1.  These responses 240 

demonstrate the different activity profiles in the IW and CW trials.  In the CW trial participants 241 

spent 91.3 ± 8.2% (range 87.6 – 97.8%) of total exercise time at target HR.  In the IW trial, 242 

participants spent 65.5 ± 4.9% (range 59.9-70.1%) of total work time (18 min) at target HR ± 243 

5 beat.min-1, and 12.8 ± 11.0% (range 0-33.6%) of total recovery time (12 min) at target HR ± 244 

5 beat.min-1. 245 

 246 

* FIGURE 1 HERE * 247 

 248 

Mean HR and VO2 during each trial is in figure 2.  Mean HR showed a small positive difference 249 

in IW (69.7 ± 2.8% predicted HRmax) vs. CW (68.5 ± 2.9% predicted HRmax; 2, 95%CL 0, 4 250 

beat.min-1; d = 0.23, 95%CL 0.06, 0.41).  Similarly, mean VO2 showed a small positive 251 

difference (1.4 ± 2.2 ml.kg-1.min-1; 10.7, 95%CL 4.1, 17.3%; d = 0.36, 95%CL 0.05, 0.65) in IW 252 

vs CW. 253 

 254 

* FIGURE 2 HERE * 255 

 256 

Energy expenditure 257 

 258 

In the IW trial, 81% of total kcal expenditure was from CHO and 19% from fat (d = 7.11).  In 259 

the CW trial, 64% of total kcal expenditure was from CHO and 36% from fat (d = 2.47).  Mean 260 

overall kcal expenditure, and kcal expenditure from CHO and fat during each trial is in figure 261 

3.  There was a medium positive difference in overall kcal expenditure in IW vs. CW (d = 0.58, 262 

95%CL 0.33, 0.82).  During IW there was a large positive difference in kcal expenditure from 263 

CHO (d = 1.06, 95%CL 0.57, 1.54) and a large negative difference in kcal expenditure from fat 264 

(d = -1.23, 95%CL -0.32, -2.11) vs. CW. 265 

 266 

* FIGURE 3 HERE * 267 
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 268 

Post-exercise enjoyment 269 

 270 

Post-exercise PACES scores are in figure 4.  Post-exercise PACES score was moderately greater 271 

following IW vs. CW (d = 0.62, 95%CL 0.26, 1.09).  Twelve participants rated IW more 272 

enjoyable than CW (mean increase in enjoyment 13.8, range 1-41 AU).  Three participants 273 

rated CW more enjoyable than IW (mean increase in enjoyment 7.0, range 4-11 AU).  One 274 

participant rated IW and CW as equally enjoyable. 275 

 276 

* FIGURE 4 HERE * 277 

 278 

DISCUSSION 279 

 280 

This study is the first to investigate cardiometabolic and enjoyment responses to IW and CW 281 

in insufficiently active, healthy adults.  In agreement with the hypotheses, IW elicited 282 

meaningfully greater energy expenditure and was meaningfully more enjoyable than CW. 283 

 284 

Standardisation  285 

 286 

Exercise duration and mean exercise intensity independently influence affective responses to 287 

exercise 18 19.  Therefore, it was important to standardise both to isolate the influence of IW 288 

vs. CW on outcome variables.  Both trials lasted 30 min and mean HR showed only a small 289 

difference, which was likely due to the relatively slow HR reduction in the recovery periods of 290 

IW, as emphasised by the percentage of time spent at target recovery HR.  Therefore, we 291 

successfully controlled the confounding factors of exercise duration and mean exercise 292 

intensity.   293 

 294 

Energy expenditure 295 

 296 

The small positive difference in mean V�O2 in IW vs. CW elicited a medium positive difference 297 

in total kcal expenditure.  This data suggests IW is a more efficient use of time than CW in 298 

terms of kcal expenditure.  Two scenarios emphasise this point.  Recommended weekly 299 



11 
 

activity energy expenditure for reducing rates of cardiovascular disease and premature 300 

mortality is 1000 kcal.wk-1 32.  For participants in the current study to achieve this kcal 301 

expenditure they would need to perform CW for 217 min.wk-1 (~7 x 30 min sessions); 302 

however, they would only have to perform IW for 184 min.wk-1 (~6 x 30 min sessions; ~15% 303 

reduction in exercise time). This ~30 min difference represents 20% of the weekly aerobic 304 

physical activity recommended by the UK CMO, and could therefore be interpreted as a 305 

meaningful difference.  Put another way, to achieve a target kcal expenditure in a given 306 

session, for example 250 kcal, would require participants in the current study to CW for 54 307 

min but IW for 46 min (15% reduction in exercise time).  308 

 309 

We acknowledge that the efficiencies of IW described above are modest relative to the 310 

potential time efficiency of ‘traditional’ HIIE vs. continuous exercise 33.  However, given the 311 

importance of lack of time as a barrier to exercise participation 34, modest contributions 312 

towards time efficiency and the provision of alternative exercise options are important. 313 

Furthermore, we contend that IW may be more acceptable to inactive individuals than 314 

traditional HIIE, due primarily to the lower intensity 9 35.  Better acceptability could facilitate 315 

better adherence to IW compared to traditional HIIE independent of time-efficiency issues; 316 

however, this needs investigation. 317 

 318 

There was a large negative difference in fat utilisation in IW vs CW.  On first consideration 319 

these metabolic responses do not favour IW as a method of body fat loss when considering 320 

the positive impact of exercise at maximal fat oxidation intensity on body composition 36.  321 

However, a recent systematic review found that HIIE elicits similar reductions in body fat 322 

percentage, and larger reductions in absolute fat mass than MICE 37. The positive effect of 323 

HIIE on body composition may be due to greater short- and longer-term post-exercise resting 324 

energy expenditure and therefore fat oxidation 38.  However, specific mechanisms likely 325 

depend in part on the intensity of the HIIE protocol.  Nevertheless, these findings show that 326 

meaningful reductions in body fat are achievable via exercise that is sub-optimal for in-327 

exercise fat metabolism.  It is unlikely that the IW or CW protocol would result in prolonged 328 

elevations in resting energy expenditure.  Coupled with the modest reduction in fat 329 

expenditure in IW vs. CW (~20 kcal), it is unlikely that differences in substrate use between 330 
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trials would meaningfully influence body composition changes.  Therefore, reduced fat 331 

metabolism in IW should not be viewed as a negative characteristic. 332 

 333 

Post-exercise enjoyment 334 

 335 

Overall PACES scores indicate that participants found IW more enjoyable than CW. This 336 

finding aligns with some existing work comparing HIIE with continuous exercise 15 39.  337 

However, affective responses to and enjoyment of interval exercise is variable between 338 

individuals and influenced by protocol 9 and personal characteristics 12.  These factors can 339 

make it challenging to isolate moderators of enjoyment in insufficiently active adults.  340 

Nevertheless, 75% of our participants rated IW more enjoyable than CW.  Some studies have 341 

reported greater post-exercise enjoyment following HIIE vs. continuous exercise in 342 

insufficiently active adults 25 39.  Greater enjoyment following IW may be due to the 343 

perception of this protocol as less monotonous than CW 15.  Given the association between 344 

affective judgement and PA 4, the more positive enjoyment reported in our IW trial indicates 345 

that participants may readily engage with it in the future.  However, this hypothesis needs to 346 

be tested with a longer intervention.  In addition, the influence of personal characteristics on 347 

perceptions of interval exercise 12 suggests that these perceptions may differ between 348 

samples, even if those samples are homogenous in terms of health and physical activity 349 

status.  Therefore, it should not be assumed that all healthy, insufficiently active individuals 350 

would exhibit the same enjoyment responses to IW and CW that we report. 351 

 352 

The 9-point mean difference between IW and CW represents a 7.1% difference on the PACES 353 

scale and the effect size of 0.62 could be described as a medium size difference.  This 354 

difference is larger than the 6.7 point difference found between HIIE and moderate-intensity 355 

continuous exercise in a recent systematic review 40.  However, large variation means it may 356 

be too early to state whether this difference should be interpreted as meaningful in relation 357 

to long-term behaviour change, and this is an area for further investigation 40. 358 

 359 

Strengths and limitations 360 

 361 
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The two trials were conducted in a controlled environment and matched for mean exercise 362 

intensity and duration, which allowed the isolation of the exercise method (interval vs. 363 

continuous) as the primary independent variable.  Such control is important when generating 364 

data that is the first of its kind.  Conversely, this level of control reduces the ecological validity 365 

of the data.  We attempted to control pre-trial dietary intake, but were not able to objectively 366 

confirm that dietary standardisation occured.  Finally, there was a gender imbalance in the 367 

study.  However, exercise was standardised to individual intensities and the available 368 

evidence suggests no gender differences in responses to HIIE 41. 369 

 370 

Implications and future research 371 

 372 

As IW appears more enjoyable at the group level than CW it represents an alternative 373 

method of exercise that could encourage those who do not engage in CW to be more active.    374 

Interval walking also elicits greater energy expenditure than CW, making it a potentially 375 

useful option for those who find it difficult to make time for regular exercise.  Walking is 376 

low-cost, requires no specialist equipment and is accessible to a majority of the population, 377 

making these practical implications relevant for a large number of people.  Future work 378 

should A) unpick the moderating factors behind insufficiently active individuals’ preference 379 

for IW or CW so this knowledge can be leveraged to provide more targetted and, hopefully, 380 

successful exercise prescription, B) consider the acute influence of different IW protocols on 381 

cardiometabolic demand and enjoyment in insufficiently active individuals, and C) 382 

implement IW interventions that establish the effect of IW on cardiometabolic health, body 383 

composition, and future exercise behaviour in insufficiently active individuals. Ultimately, it 384 

may be that IW could be included within physical activity guidelines if further research 385 

demonstrates that in comparison to CW (i) greater health benefits can be achieved for the 386 

same time exercising, (ii) similar health effects can be achieved but in a more time-efficient 387 

way, or (iii) greater enjoyment leads to more sustained long-term activity behaviour. 388 

 389 

CONCLUSION 390 

 391 

We present novel empirical data to show that IW elicits meaningfully greater energy 392 

expenditure and is more enjoyable than CW in insufficiently active, healthy adults.  In our 393 
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sample most people preferred IW, however it is likely that “one size does not fit all”, and 394 

finding the right activity for people may be the key to enjoyment and sustained activity. 395 

 396 

REFERENCES 397 

  398 

1. UK Chief Medical Officers. UK Chief Medical Officer's Physical Activity Guidelines. 399 
United Kingdom: UK Government, 2019. 400 

2. Batacan RB, Jr., Duncan MJ, Dalbo VJ, et al. Effects of high-intensity interval training on 401 
cardiometabolic health: a systematic review and meta-analysis of intervention studies. 402 
Br J Sports Med 2017;51(6):494-503. doi: 10.1136/bjsports-2015-095841 [published 403 
Online First: 2016/11/01] 404 

3. Biddle SJH, Batterham AM. High-intensity interval exercise training for public health: a 405 
big HIT or shall we HIT it on the head? Int J Behav Nutr Phys Act 2015;12 doi: 406 
ARTN 9510.1186/s12966-015-0254-9 407 

4. Rhodes RE, Fiala B, Conner M. A review and meta-analysis of affective judgments and 408 
physical activity in adult populations. Ann Behav Med 2009;38:180-204. 409 

5. Rhodes RE, Kates A. Can the Affective Response to Exercise Predict Future Motives and 410 
Physical Activity Behavior? A Systematic Review of Published Evidence. Ann Behav 411 
Med 2015;49(5):715-31. doi: 10.1007/s12160-015-9704-5 412 

6. Hardcastle SJ, Ray H, Beale L, et al. Why sprint interval training is inappropriate for a 413 
largely sedentary population. Front Psychol 2014;5 doi: ARTN 414 
150510.3389/fpsyg.2014.01505 415 

7. Stork MJ, Banfield LE, Gibala MJ, et al. A scoping review of the psychological responses 416 
to interval exercise: is interval exercise a viable alternative to traditional exercise? 417 
Health Psychol Rev 2017;11(4):324-44. doi: 10.1080/17437199.2017.1326011 418 

8. Oliveira BRR, Santos TM, Kilpatrick M, et al. Affective and enjoyment responses in high 419 
intensity interval training and continuous training: A systematic review and meta-420 
analysis. Plos One 2018;13(6):e0197124. doi: 10.1371/journal.pone.0197124 421 
[published Online First: 2018/06/07] 422 

9. Frazao DT, de Farias Junior LF, Dantas TC, et al. Feeling of Pleasure to High-Intensity 423 
Interval Exercise Is Dependent of the Number of Work Bouts and Physical Activity 424 
Status. Plos One 2016;11(3):e0152752. doi: 10.1371/journal.pone.0152752 425 
[published Online First: 2016/03/31] 426 

10. Vollaard NBJ, Metcalfe RS. Research into the Health Benefits of Sprint Interval Training 427 
Should Focus on Protocols with Fewer and Shorter Sprints. Sports Med 428 
2017;47(12):2443-51. doi: 10.1007/s40279-017-0727-x [published Online First: 429 
2017/04/10] 430 

11. Kellogg E, Cantacessi C, McNamer O, et al. Comparison of Psychological and 431 
Physiological Responses to Imposed vs. Self-selected High-Intensity Interval 432 
Training. J Strength Cond Res 2019;33(11):2945-52. doi: 433 
10.1519/JSC.0000000000002528 [published Online First: 2018/05/10] 434 

12. Bradley C, Niven A, Phillips SM. Self-reported tolerance of the intensity of exercise 435 
influences affective responses to and intentions to engage with high-intensity interval 436 
exercise. J Sports Sci 2019;37(13):1472-80. doi: 10.1080/02640414.2019.1570590 437 
[published Online First: 2019/01/30] 438 

13. Kelly P, Murphy M, Mutrie N. The Health Benefits of Walking. Transp Sustain 439 
2017;9:61-79. doi: 10.1108/S2044-994120170000009004 440 



15 
 

14. Aaltonen S, Leskinen T, Morris T, et al. Motives for and barriers to physical activity in 441 
twin pairs discordant for leisure time physical activity for 30 years. Int J Sports Med 442 
2012;33(2):157-63. doi: 10.1055/s-0031-1287848 [published Online First: 443 
2012/02/10] 444 

15. Thum JS, Parsons G, Whittle T, et al. High-Intensity Interval Training Elicits Higher 445 
Enjoyment than Moderate Intensity Continuous Exercise. Plos One 2017;12(1) doi: 446 
ARTN e016629910.1371/journal.pone.0166299 447 

16. Huebschmann A, Reis E, Emsermann C, et al. Women with type 2 diabetes perceive 448 
harder effort during exercise than nondiabetic women. Appl Physiol Nutr Metab 449 
2009;45(5):851-57. 450 

17. Turinese I, Marinelli P, Bonini M, et al. "Metabolic and cardiovascular response to 451 
exercise in patients with type 1 diabetes". J Endocrinol Invest 2017;40(9):999-1005. 452 
doi: 10.1007/s40618-017-0670-6 [published Online First: 2017/04/08] 453 

18. Woo M, Kim S, Kim J, et al. Examining the exercise-affect dose-response relationship: 454 
Does duration influence frontal EEG asymmetry? Int J Psychophysiol 455 
2009;72(2):166-72. doi: 10.1016/j.ijpsycho.2008.12.003 456 

19. Kilpatrick M, Kraemer R, Bartholomew J, et al. Affective responses to exercise are 457 
dependent on intensity rather than total work. Med Sci Sport Exer 2007;39(8):1417-458 
22. doi: 10.1249/mss.0b013e31806ad73c 459 

20. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. J Am 460 
Coll Cardiol 2001;37(1):153-56. doi: Doi 10.1016/S0735-1097(00)01054-8 461 

21. Konig D, Berg A. Physical exercise as treatment of type 2 diabetes mellitus. Internist 462 
2012;53(6):678-87. doi: 10.1007/s00108-011-2936-y 463 

22. Nemoto K, Gen-no H, Masuki S, et al. Effects of high-intensity interval walking training 464 
on physical fitness and blood pressure in middle-aged and older people. Mayo Clin 465 
Proc 2007;82(7):803-11. doi: 10.4065/82.7.803 [published Online First: 2007/07/04] 466 

23. Nose H, Morikawa M, Yamazaki T, et al. Beyond epidemiology: field studies and the 467 
physiology laboratory as the whole world. J Physiol 2009;587(23):5569-75. doi: 468 
10.1113/jphysiol.2009.179499 469 

24. Kendzierski D, DeCarlo KJ. Physical Activity Enjoyment Scale: Two Validation Studies. 470 
J Sport Exerc Psychol 1991;13:50-64. 471 

25. Martinez N, Kilpatrick MW, Salomon K, et al. Affective and Enjoyment Responses to 472 
High-Intensity Interval Training in Overweight-to-Obese and Insufficiently Active 473 
Adults. J Sport Exerc Psychol 2015;37(2):138-49. doi: 10.1123/jsep.2014-0212 474 
[published Online First: 2015/05/23] 475 

26. Wasserstein RL, Lazar NA. The ASA's Statement on p-Values: Context, Process, and 476 
Purpose. Am Stat 2016;70(2):129-31. doi: 10.1080/00031305.2016.1154108 477 

27. Wasserstein RL, Schirm AL, Lazar NA. Moving to a World Beyond "p < 0.05". Am Stat 478 
2019;73:1-19. doi: 10.1080/00031305.2019.1583913 479 

28. Calin-Jageman RJ, Cumming G. The New Statistics for Better Science: Ask How Much, 480 
How Uncertain, and What Else Is Known. Am Stat 2019;73:271-80. doi: 481 
10.1080/00031305.2018.1518266 482 

29. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a 483 
practical primer for t-tests and ANOVAs. Front Psychol 2013;4 doi: ARTN 484 
86310.3389/fpsyg.2013.00863 485 

30. Algina J, Keselman HJ. Approximate confidence intervals for effect sizes. Educ Psychol 486 
Meas 2003;63(4):537-53. doi: 10.1177/0013164403256358 487 

31. Cohen J. A power primer. Psychol Bull 1992;112(1):155-9. doi: 10.1037//0033-488 
2909.112.1.155 [published Online First: 1992/07/01] 489 



16 
 

32. Garber CE, Blissmer B, Deschenes MR, et al. Quantity and Quality of Exercise for 490 
Developing and Maintaining Cardiorespiratory, Musculoskeletal, and Neuromotor 491 
Fitness in Apparently Healthy Adults: Guidance for Prescribing Exercise. Med Sci 492 
Sport Exer 2011;43(7):1334-59. doi: 10.1249/MSS.0b013e318213fefb 493 

33. Gillen JB, Gibala MJ. Is high-intensity interval training a time-efficient exercise strategy 494 
to improve health and fitness? Appl Physiol Nutr Me 2014;39(3):409-12. doi: 495 
10.1139/apnm-2013-0187 496 

34. Sequeira S, Cruz C, Pinto D. Prevalence of barriers for physical activity in adults 497 
according to gender and socioeconomic status (vol 45, a18, 2011). Brit J Sport Med 498 
2012;46(4):298-98. doi: 10.1136/bjsports-2011-090606.59 499 

35. Decker ES, Ekkekakis P. More efficient, perhaps, but at what price? Pleasure and 500 
enjoyment responses to high-intensity interval exercise in low-active women with 501 
obesity. Psychology of Sport and Exercise 2017;28:1-10. doi: 502 
10.1016/j.psychsport.2016.09.005 503 

36. Tan SJ, Wang JX, Cao LQ, et al. Positive effect of exercise training at maximal fat 504 
oxidation intensity on body composition and lipid metabolism in overweight middle-505 
aged women. Clin Physiol Funct I 2016;36(3):225-30. doi: 10.1111/cpf.12217 506 

37. Viana RB, Naves JPA, Coswig VS, et al. Is interval training the magic bullet for fat loss? 507 
A systematic review and meta-analysis comparing moderate-intensity continuous 508 
training with high-intensity interval training (HIIT). Brit J Sport Med 509 
2019;53(10):655-+. doi: 10.1136/bjsports-2018-099928 510 

38. Skelly LE, Andrews PC, Gillen JB, et al. High-intensity interval exercise induces 24-h 511 
energy expenditure similar to traditional endurance exercise despite reduced time 512 
commitment. Appl Physiol Nutr Metab 2014;39(7):845-8. doi: 10.1139/apnm-2013-513 
0562 [published Online First: 2014/04/30] 514 

39. Farias-Junior LF, Browne RAV, Freire YA, et al. Psychological responses, muscle 515 
damage, inflammation, and delayed onset muscle soreness to high-intensity interval 516 
and moderate-intensity continuous exercise in overweight men. Physiol Behav 517 
2019;199:200-09. doi: 10.1016/j.physbeh.2018.11.028 [published Online First: 518 
2018/11/25] 519 

40. Niven A, Laird Y, Saunders DH, et al. A systematic review and meta-analysis of affective 520 
responses to acute high intensity interval exercise compared with continuous 521 
moderate- and high-Intensity exercise. Health Psychol Rev 2020:1-34. doi: 522 
10.1080/17437199.2020.1728564 [published Online First: 2020/02/19] 523 

41. Astorino TA, Allen RP, Roberson DW, et al. Adaptations to high-intensity training are 524 
independent of gender. Eur J Appl Physiol 2011;111(7):1279-86. doi: 525 
10.1007/s00421-010-1741-y [published Online First: 2010/12/07] 526 

 527 

  528 



17 
 

Geolocation Information 529 

 530 

The research was conducted in Edinburgh, Scotland.  Participants were recruited from the 531 

local area.  Specific nationalities were not a focus of the research and were not recorded. 532 

 533 

Disclosure of interest 534 

 535 

The authors report no conflicts of interest. 536 

 537 

Data availability 538 

 539 

Data are available upon reasonable request.  The available data includes deidentifed 540 

participant descriptive data, and deidentifed Excel files containing the raw data used to 541 

generate the results for all outcome variables presented in this study.  Please contact the 542 

corresponding author, Dr Shaun Phillips, for further information (shaun.phillips@ed.ac.uk).  543 

 544 

FIGURE CAPTIONS 545 

 546 

Figure 1: Mean (± SD) second-by-second heart rate responses in the CW (A) and IW (B) trials. 547 

 548 

Figure 2: Mean (± SD) heart rate (A) and VO2 (B) in the IW and CW trials.  Grey lines are 549 

individual participant values.  Mean (95%CL) difference in HR and VO2 between the two trials 550 

(IW – CW) is plotted on the right y-axes. 551 

 552 
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Figure 3: Mean (± SD) Kcal expenditure (A), kcal expenditure from CHO (B), and kcal 553 

expenditure from fat (C) during IW and CW.  Grey lines are individual participant values.  Mean 554 

(95%CL) difference in each variable between the two trials (IW – CW) is plotted on the right 555 

y-axes. 556 

 557 

Figure 4: Mean (± SD) post-exercise PACES scores following IW and CW.  Grey lines are 558 

individual participant values.  Mean (95%CL) difference in overall PACES score between the 559 

two trials (IW – CW) is plotted on the right y-axis.   560 
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