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Abstract 

High intensity interval training (HIIT) improves VO2peak and VO2 kinetics, however, it 

is unknown whether an optimal intensity of HIIT exists for eliciting improvements in 

these measures of whole body oxidative metabolism. The purpose of this study was to: 1) 

investigate the effect of interval intensity on training-induced adaptations in VO2peak and 

VO2 kinetics, and 2) examine the impact of interval intensity on the frequency of non-

responders in VO2peak. 36 healthy men and women completed 3 weeks of cycle 

ergometer HIIT, consisting of intervals targeting 80% (LO), 115% (MID) or 150% (HI) 

of peak aerobic power. Total work performed per training session was matched across 

groups. A main effect of training (p < 0.05), and a significant interaction effect was 

observed for VO2peak, with the change in VO2peak being greater (p < 0.05) in the MID 

group than the LO group; however, no differences were observed between the HI group 

and either the MID or LO groups (∆VO2peak; LO, 2.7 ± 0.7 ml/kg/min; MID, 5.8 ± 0.7; 

HI, 4.2 ± 1.0). The greatest proportion of responders was observed in the MID group 

(LO, 8/12; MID, 12/13; HI, 9/11). A non-significant relationship (p = 0.26; r
2
 = 0.04) was 

found between the changes in VO2peak and τVO2. These results suggest that training at 

intensities around VO2peak may represent a threshold intensity above which further 

increases in training intensity provide no additional adaptive benefit. The dissociation 

between changes in VO2peak and VO2 kinetics also reflects the different underlying 

mechanisms regulating these adaptations. 

Key Words: HIIT, VO2peak, VO2 kinetics, exercise training, non-responders, 

intensity, work-matched 
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Introduction 

High-intensity interval training (HIIT) induces similar improvements in aerobic 

exercise capacity as moderate-intensity endurance training despite requiring significantly 

less exercise time (Eddy et al. 1977, Burgomaster et al. 2005, Cocks et al. 2013, 

Scribbans et al. 2014). While many interval training protocols improve cardiovascular 

fitness (Gillen and Gibala 2014), training studies comparing different intensities of HIIT 

have only compared two intensities, have not examine supramaximal intensities, and/or 

have not compared protocols that were work-matched (Burke et al. 1994, Boyd et al. 

2013). Thus, the impact of training intensity for work-matched (i.e. equivalent training 

session energy expenditure) interval training on improvements in aerobic exercise 

capacity remains unclear. Further, as a result of this gap in the literature, whether there is 

an optimal intensity of HIIT for eliciting improvements in aerobic exercise capacity 

remains unknown. 

Peak oxygen uptake (VO2peak), an estimate of the maximal ability of the 

cardiovascular and muscular systems to deliver and utilize oxygen during exercise (O2) 

(Mitchell et al. 1958), is the most commonly utilized indicator of improvements in 

aerobic exercise capacity in exercise training literature. VO2 kinetics, an alternative 

measure of whole body oxidative metabolism during exercise, provides information 

regarding exercising muscle’s ability to respond to an instantaneous increase in O2 

demand during the transition from rest to exercise (Barstow et al. 1990, Grassi et al. 

1996). Both moderate intensity continuous (endurance) training (Carter et al. 2000) and 

HIIT (Krustrup et al. 2004, Berger et al. 2006, McKay et al. 2009) improve VO2peak and 

VO2 kinetics; however, the strongest determinant of VO2peak in healthy individuals is 
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cardiovascular capacity of O2 delivery (Richardson et al. 1993), with VO2 kinetics being 

more dependent on processes at the site of the muscle (Grassi 2001). There is evidence 

that adaptations to these two variables can dissociate (Wilkerson et al. 2011, Poole and 

Jones 2012). Our lab has found a positive effect of intensity on VO2peak with training 

with no such effect on mitochondrial content (Boyd et al. 2013), as well as no difference 

between submaximal and supramaximal training groups on oxidative capacity and 

capillary density (Scribbans et al. 2014), suggesting that VO2peak changes in response to 

training are related to intensity of exercise and that VO2 kinetics changes are not. Thus, it 

is logical to posit that changes in VO2peak and VO2 kinetics would not be uniform in 

response to different intensities of HIIT. It also remains unclear whether an optimal 

intensity of HIIT exists for inducing improvement in VO2peak and/or VO2 kinetics.  

In addition to establishing the impact of exercise intensity on group training 

responses, the importance of examining individual responses to exercise training is 

becoming increasingly evident given recent demonstrations of inter-individual 

heterogeneity and the existence of individuals who fail to adapt to training (i.e. non-

responders) (Bouchard and Rankinen 2001, Hautala et al. 2006, Sisson et al. 2009). 

Genetics, age, sex and baseline cardiovascular function all influence an individual’s 

response to exercise training (Cunningham et al. 1987, Bouchard et al. 1999, Hautala et 

al. 2003, Sisson et al. 2009). There is also evidence that increases in training dose (i.e. 

weekly kcal/kg expenditure) contribute to a greater magnitude of training response 

(Sisson et al. 2009), suggesting that any increases in exercise stimulus (intensity, volume, 

etc.) may result in more widespread responses in individuals with low sensitivity to 

exercise training (Buford et al. 2013). While it has been suggested that the adaptive 
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response to HIIT is more uniform than that observed following lower intensities of 

training (Bacon et al. 2013), the impact of interval training intensity on the frequency of 

non-responders is currently unknown. Additionally, it is not known whether an optimal 

intensity of HIIT exists for eliciting the greatest number of individual responders to 

training.  

Therefore, this study had two main purposes. 1) to investigate the effect of 

interval intensity on training-induced adaptations in VO2peak and VO2 kinetics and; 2) to 

examine the impact of interval intensity on the incidence of non-responders in VO2peak 

and further characterize patterns of non-response to standardized exercise training. It was 

hypothesized that group and individual changes to both VO2peak and VO2 kinetics would 

increase in an intensity-dependent fashion, such that submaximal HIIT elicited the 

smallest response and supramaximal HIIT elicited the greatest response. 

 

Materials and methods 

Experimental Design 

The current study examined the impact of 3 weeks of training (4 days/week), at 

one of 3 different intensities, on individual and group responses in VO2peak and VO2 

kinetics. VO2peak was determined by averaging scores obtained from 3 VO2peak tests 

performed during the week preceding (pre-training) and the week following training 

(post-training). VO2 kinetics were determined using the averaged response from 6 

individual transitions to moderate-intensity exercise (80 Watts). All physiological testing 

and training was performed on a Monark Ergomedic 874 E stationary ergometer 

(Vansbro, Sweden). All experimental procedures were approved by the Health Sciences 

Human Research Ethics Board at Queen’s University and conformed to the Declaration 
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of Helsinki. Verbal and written explanation of the experimental protocol and associated 

risks was provided to all participants prior to obtaining written informed consent. 

Participants 

A total of 44 individuals were assessed for eligibility with a total of 36 completing 

all aspects of the study. During initial screening, individuals were only enrolled in the 

study if they were: between 18 and 30 years of age, non-smokers, free of cardiovascular 

and metabolic disease, and who self-reported completing between 60 and 150 minutes per 

week of structured moderate to vigorous exercise. Following screening, participants 

completed pre-training testing (see below for details) before being stratified based on 

average pre-training VO2peak scores. Participants were subsequently randomized from 

within their strata into one of 3 training groups to ensure that pre-training VO2peak did 

not differ between groups. Participant characteristics are presented in Table 1.  

Pre- and Post-Training Testing 

VO2peak  

In the week preceding training (pre), and the week following training (post), 

participants reported to the lab on 3 separate occasions, each separated by 24 hours, to 

complete a VO2peak incremental ramp test to exhaustion. Prior to the initiation of each 

ramp protocol participants completed 2 transitions from loadless cycling to 80 watts (W) 

(5 minutes of loadless cycling at 80 RPM followed by a step transition to 80 W for 5 

minutes). These transitions (6 in total; 2 per ramp test) were used for the determination of 

the VO2 kinetics response before and after training. Following the completion of the 

second 5-minute transition to 80 W the VO2peak protocol was initiated by adding 25 W 

per minute as has been described in detail previously (Edgett et al. 2013a, 2013b). Gas 
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exchange was measured throughout each test with a metabolic cart (Moxus AEI 

Technologies, Pittsburgh, PA), with VO2peak calculated, as the highest value of 

continuous 30 second averages observed during the protocol. RPM were collected 

continuously throughout the test and WRpeak was calculated using the average WR from 

the same 30 second period as used for the determination of VO2peak (ie. the highest 

continuous 30 second average of VO2). Pre- (and post-) training VO2peak values 

presented in this manuscript are the average of the values obtained during the 3 tests 

completed during each week of testing.  

Training Protocols 

All participants completed training 4 days per week for 3 weeks. All training 

sessions consisted of a 1 minute loadless warm-up, multiple 1 minute intervals targeting 

either 80% (LO), 115% (MID) or 150% (HI) of pre-training WRpeak separated by 1 

minute of loadless cycling, and a cool down period. Participants were instructed to 

maintain a cadence of 80 RPM throughout all training sessions including warm-ups, 

loadless rest periods between intervals, and cool downs. Training protocols were matched 

for total external work (kcal) with all participants completing the amount of external 

work estimated to be accumulated during 8 intervals at ~100% of peak aerobic power in 

week one, 10 intervals at ~100% in week 2, and 12 intervals at ~100% in week 3. Target 

external work was calculated on an individual basis using the average peak aerobic power 

over the same 30-second period used for determining VO2peak, during each of the 3 pre-

training VO2peak tests. When RPM fell below 80 RPM, resulting in the target external 

work not being achieved in the expected number of intervals, additional intervals were 

added until the target amount of external work (± 5%) was completed. RPM were 
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collected continuously during all training sessions and was used to calculate average WR 

for each interval. Heart rate (HR) was recorded at the completion of each interval and 

total external work (kcal) was recorded following each interval to ensure target work for 

each training session was achieved. Rate of perceived exertion (RPE) was collected 

immediately following the completion of the final interval of each training session. 

Determination of Typical Error 

            In order to determine typical error (TE) for VO2peak, 8 recreationally active 

participants (n=8; age, 21±0.76 yrs; BMI, 21±2.25 kg/m
2
; VO2peak, 44±6 mL O2/kg/min) 

reported to the lab on 2 separate occasions separated by at least a week.  On each visit to 

the lab participants performed identical incremental ramp tests to volitional fatigue as 

described above and reported in detail previously (Edgett et al. 2013b, Zelt et al. 2014). 

VO2peak was determined for each test and the resulting values were utilized to calculate 

TE.  

 Typical error of measurement was calculated for VO2peak as described previously 

(Hopkins 2000) utilizing the following equation: 

�� = 	����		/√2 

Where SDdiff is the variance (standard deviation) of the difference scores observed 

between the 2 repeated tests. A non-responder for VO2peak was defined as an individual 

who failed to demonstrate an increase or decrease that was greater than 2 TE (± 1.74 

mL/kg/min) away from 0. This cut-point was used as it represents a threshold past which 

the corresponding odds of a real change are 12 to 1 (Hopkins 2000).  

VO2 kinetics 
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VO2 kinetics were determined as described previously (Whipp et al. 1982, 

Rossiter et al. 2001). Briefly, breath-by-breath gas exchange data were collected and 

averaged into 10-second bins for each of the 6 transitions to 80 W during pre- and post-

training testing. The data from each transition were subsequently time-aligned and the 6 

transitions were ensemble averaged to yield a single profile for each subject. The on-

transient response to exercise was modeled using a mono-exponential of the form: 


��� = 
����� + ���	�	�1 − ��������/ ! 

where Y(t) represents the variable at any time (t); Y(BSL) is the baseline value of Y 

before the step increase in WR; AMP, the amplitude (i.e., steady-state increase in Y 

above baseline); τ, the time constant (i.e., the time taken to reach 63% of the steady-state 

response); and TD is the time delay. VO2 data were fit from the phases 1–2 transition to 

the end of exercise, as previously described (Rossiter et al. 2001). 80 W represented a 

low relative intensity for all participants (see Table 3), and combined with visual 

inspection of the VO2 response and the residuals resulting from the mono-exponential 

curve fit (see Figure 2A for a representative response), the transition to 80 W appears to 

fall within the moderate-intensity domain for all participants at Pre and Post. 

Total Weekly Energy Expenditure 

During pre-training and throughout training, physical activity completed outside 

the lab was tracked using the Physical Activity Recall (PAR) Survey (Sallis 1997). On 

each occasion that participants reported to the lab they completed a PAR for the days 

since their last visit to the lab. This required participants to complete a PAR prior to 

completion of each VO2peak test during pre-training testing and prior to each training 

session during the exercise intervention. Self-reported daily physical activity was 
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identified as moderate, hard or very hard activities. These values were then utilized to 

estimate total daily and weekly energy expenditure (TWEE; kcal/kg/wk) as described 

previously (Sallis 1997). 

Statistical Analysis 

A 2-way repeated measures ANOVA was used to compare the effect of training 

(time) and intensity (group) on VO2peak, VO2 kinetics and TWEE. Significant interaction 

effects were deconstructed using a Bonferroni post-hoc test to examine within group 

changes and a one-way ANOVA to determine differences in the magnitude of change 

between groups. Similarities in pre-training TWEE were confirmed using a one-way 

ANOVA. Linear regression was used to determine the relationship between the change in 

VO2peak and VO2 kinetics. All statistical analysis was performed using GraphPad Prism 

v 5.01 (GraphPad Software Inc., La Jolla, CA, USA). Statistical significance was 

accepted at p < 0.05 and all data are presented as means ± SEM. 

Results 

Participant Adherence  

Attendance and completion of training sessions was 100% in all groups for 

participants who completed the full study protocol. Two participants dropped out of the 

study following pre-training testing and 5 participants dropped out during training (LO, 2; 

MID, 3). Participant and training protocol characteristics are presented in Table 1 and 

Table 2, respectively. 

Aerobic Exercise Capacity 

A main effect of training (p < 0.05), and a significant interaction effect was 

observed for VO2peak (Fig. 1A) and WRpeak (Table 1). Deconstruction of the interaction 
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effect for VO2peak revealed that the change in VO2peak was greater (p < 0.05) in the 

MID group than the LO group; however, no differences were observed between the HI 

group and either the MID or LO groups (∆VO2peak; LO, 2.7 ± 0.7 ml/kg/min; MID, 5.8 

± 0.7; HI, 4.2 ± 1.0; Fig. 1B). No difference was observed for the peak HR achieved 

between Pre and Post for any of the training groups (LO, Pre 187 ± 3, Post 188 ± 4; MID, 

Pre 194 ± 2, Post 193 ± 2; HIGH, Pre 183 ± 4, Post 183 ± 3).  The proportion of 

responders within each group was evaluated using our responder criteria (2 x Typical 

Error [TE = 0.87 ml/kg/min; 2 x TE = 1.74 ml/kg/min]). The greatest proportion of 

responders was observed in the MID group (Fig. 1C-E; LO, 8/12; MID, 12/13; HI, 9/11).  

No relationship was observed between the individual changes in peak HR and VO2peak 

following training (p = 0.89, r
2
 < 0.001). 

VO2 Kinetics 

A significant (p < 0.05) main effect of training was observed for τVO2 (Fig. 2B) 

but no interaction effect was present. Linear regression revealed no relationship (p = 0.26; 

r
2
 = 0.04) between the training-induced increases in VO2peak and the reduction in τVO2 

(Fig. 2C). 

Total Weekly Energy Expenditure 

No differences in TWEE (kcal/kg/wk) were observed between groups at pre-

testing (Fig. 3A). There was no group or training effects for TWEE during the 3-week 

training period (p > 0.05; Fig. 2B). There was a significant (p < 0.05) group effect for 

moderate intensity physical activity with the MID group reporting significantly more 

moderate intensity physical activity during the 3 week training period than both the LO 
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and HI. There were no differences between groups for the amount of light, hard or very 

hard physical activity reported during training.  

 

Discussion 

The current study examined the impact of three different intensities of work-

matched interval training on both group and individual changes in VO2peak and VO2 

kinetics. While no difference in the increase in VO2peak following training was observed 

between the MID and HI groups, only the MID group demonstrated an increase in 

VO2peak that was greater than the LO group. Additionally, we observed the highest 

incidence of responders in the MID group (12/13). Thus, interval training at an intensity 

near VO2peak (ie. MID) may represent the achievement of an adaptive threshold for 

improvements in aerobic capacity when external work is matched, with further increases 

in training intensity providing no further adaptive benefit.  Interestingly, we did not 

observe a relationship between individual changes in VO2peak and VO2 kinetics. These 

results suggest that the mechanisms underlying training-induced increases in VO2peak 

and VO2 kinetics differ, and that individuals can demonstrate divergent responses in the 

cardiovascular adaptations induced by exercise training. 

 

The impact of interval training intensity on VO2peak 

Increasing the intensity of submaximal exercise from 70% of maximal heart 

frequency (Hfmax) to 90% of Hfmax (Tjønna et al. 2008) and increasing interval intensity 

from 70% of peak WR to 100% of peak WR (Boyd et al. 2013) are both associated with 

greater improvements in VO2peak.  In addition, low-volume sprint interval training (SIT) 
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is as effective as submaximal endurance training for inducing improvements to VO2peak, 

VO2 kinetics and skeletal muscle oxidative capacity despite substantially less energy 

expenditure (Gibala and McGee 2008, McKay et al. 2009, McRae et al. 2012). While 

several investigators have examined work-matched training protocols; their results are 

equivocal. For example, Poole and Gaesser (1985) found no effect of training intensity on 

improvements in VO2max and lactate threshold (LT) between three work-matched 

exercise groups, but did find that improvements in ventilatory threshold (VT) were 

greatest following training at 105% of VO2max compared to each ~50% VO2max and 

~70% of VO2max. Conversely, Tjønna and colleagues (2008) observed a greater increase 

in VO2peak training at 90% than 70% of Hfmax when training energy expenditure was 

matched, however, these investigators compared interval and continuous training 

protocols, and, to our knowledge, the current study is the first to compare work-matched 

supramaximal and submaximal HIIT protocols. Our observation that the MID group and 

not the HI group induced significantly greater increase in VO2peak than the LO group, 

but that MID and HI did not differ, suggests that, when comparing work-matched 

protocols, training at intensities around VO2peak may represent a threshold intensity 

above which further increases in training intensity do not provide additional adaptive 

benefit.   

It should be noted that the current study examined the change in VO2peak 

following a relatively brief (3 week) training intervention, and whether the trends 

observed in the current study would extend to longer training interventions remains an 

important area for future study. It is also important to note that the work rate targets 

utilized in the current study were derived from a 25W/min ramp protocol, and that 
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application of these results in future studies and in the general population should take this 

into account. Thus, our results should be interpreted within the context of the ramp 

protocol utilized in this study, and applications using relative WR derived from different 

protocols should be made with caution.    

While the underlying mechanisms that may explain this apparent plateau in 

training induced adaptations remain unknown, one possibility is the change in pH that 

accompanies high intensity exercise (Howlett et al. 1998). Evidence from both rats 

(Bishop et al. 2010) and humans (Edge et al. 2006) suggest that limiting the reduction in 

pH associated with high-intensity exercise via pretraining ingestion of sodium 

bicarbonate (NaHCO3) can improve the adaptive response.  Further, a recent report has 

demonstrated that elevated pH during submaximal interval exercise is associated with 

greater increases in peroxisome proliferator-activated-receptor γ co-activator (PGC-1α) 

gene expression (Percival et al. 2015). We have recently observed a significantly greater 

increase in post-exercise PGC-1α gene expression following near-maximal than 

supramaximal intervals (Edgett et al. 2013a) suggesting that the plateau in the VO2peak 

response observed in the current study may result from pH mediated impairments in 

skeletal muscle adaptation.  At present this hypothesis is speculative, but represents an 

interesting direction for future study. 

Alternatively, the differences in moderate intensity physical activity (PA) 

observed between MID and HI may help explain why a greater increase in VO2peak was 

not observed following HI.  Higher levels of self-reported weekly moderate and vigorous 

intensity exercise are associated with significantly greater changes in VO2peak (Nes et 

al., 2012) and greater amounts of habitual light PA have also been reported to augment 
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increases in VO2peak following an endurance training intervention (Hautala et al. 2012). 

Given that self-report questionnaires on PA tend to overestimate PA levels (Boon et al. 

2010) the observed differences in the current study should be interpreted with caution, 

however, they do provide preliminary evidence supporting a potential role for external 

PA in determining the magnitude of training induced increases in VO2peak.  Future 

studies should utilize objective means (i.e. accelerometers) to further investigate the 

relationship between habitual PA and training-induced improvements in VO2peak. 

 

The role of training intensity on the incidence of non-responders 

Reports investigating the prevalence of non-responders to exercise training have 

cited differences in subject characteristics such as age (Hautala et al. 2003), sex (Parker et 

al. 2010), and initial fitness level (Cunningham et al. 1987) as contributors to 

heterogeneous responses in VO2peak. The present study demonstrated that the incidence 

of responders, as characterized by a threshold increase of 2 TE in VO2peak (± 1.74 

mL/kg/min), was higher in the MID (12/13; 92%) than the HI (9/11; 82%) and LO (8/12; 

67%) groups. The increase in responders observed when increasing intensity from the LO 

to the MID condition (67-92%) suggests that higher intensities of training may induce 

meaningful responses in those with low sensitivity to exercise, similar to the impact of 

higher volumes of submaximal exercise (Sisson et al. 2009). Importantly, while these 

data suggests the potential for increased rates of responders following higher intensities 

of interval training the sample size examined in the current work was relatively small, 

and much larger samples need to be examined before the relationship between interval 

intensity and rates of non-response can be commented on with certainty. However, the 
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present results present interesting preliminary findings, and highlight this area as an 

important one for future study. 

The lack of correlation observed between change scores of VO2peak and VO2 

kinetics observed in the present study are in agreement with observations made 

previously (Wilkerson et al. 2011, Edgett et al. 2013b). While it is possible that our 

reporting VO2peak rather than VO2max may have masked a relationship between 

maximal aerobic capacity and VO2 kinetics, this seems unlikely given previous 

observations that VO2peak is likely to be a valid index of VO2max (Day et al. 2003), 

particularly in ‘well-motivated’ young, healthy, physically active participants (Poole et al. 

2008) similar to those examined in the current study. The lack of correlation found in the 

present study reinforces the notion that these two markers of whole body oxidative 

metabolism during exercise can dissociate following training. This is likely due to VO2 

kinetics being heavily determined by peripheral factors, namely an inertia in oxidative 

metabolism at the site of the muscle (Grassi 2001), and VO2peak typically being 

attributed to cardiac function and oxygen delivery (Richardson et al. 1993). Previous 

research has provided evidence supporting individual patterns of response to each MICT 

(Scharhag-Rosenberger et al. 2012) and SIT (Gurd et al. 2015), whereby individuals who 

do not demonstrate improvements in VO2peak are likely to improve in other variables 

associated with training (i.e. LT, endurance performance, submaximal exercise HR, 

individual anaerobic threshold). In the context of the current study, the existence of 

global non-responders (i.e. individuals who do not demonstrate any adaptive response 

following exercise training) to HIIT are unlikely. This suggestion may be clarified in 

future studies, which compare VO2peak and VO2 kinetics as well as LT, VT, and gas 
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exchange threshold (GET). These results are consistent with previous observations that a 

low response to training in VO2peak is not associated with a low response in several other 

adaptations associated with metabolic control and/or exercise performance (Vollaard et 

al. 2009, Scharhag-Rosenberger et al. 2012). Thus, the present study provides preliminary 

evidence suggesting that individual patterns of response are prevalent following HIIT and 

highlights the need for future research to identify the other potential training outcomes 

necessary to adequately characterize responders and non-responders to aerobic exercise 

training.  

 

Conclusion  

 The current study demonstrated the effect of work-matched HIIT on group and 

individual changes in VO2peak and VO2 kinetics across intensities ranging from 

submaximal to supramaximal. Our results demonstrated no further gains in VO2peak 

when increasing intensity from that performed by the MID group (~115% peak WR) to 

that of the HI group (~150% peak WR), while the greatest incidence of responders was 

also found in the MID condition. These results suggest that training at intensities around 

VO2peak may be optimal for work-matched HIIT. Additional results included a 

dissociation between individual changes in VO2peak and VO2 kinetics, reflective of 

different underlying mechanisms regulating these measures of whole body oxidative 

metabolic adaptation, and providing preliminary support for the measurement of 

numerous training outcomes following training interventions. Future studies should 

compare outcomes such as VO2peak, VO2 kinetics, VT, LT and mitochondrial markers of 

skeletal muscle adaptation in order to accurately characterize individual patterns of 
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response following HIIT.  Additionally, utilizing a longer training protocol than 3 weeks 

may allow for greater adaptation and thus further clarity regarding the impact of interval 

training intensity on the adaptive response to exercise. 
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Table 1. Participant Characteristics before (Pre) and following training (Post) 

  LO  MID  HI 

  Pre Post  Pre Post  Pre Post 

N  12   13   11  

Age (yrs)  20 ± 1   20 ± 1   20 ± 1  

Height (cm) 
 170 ± 

10 
 

 173 ± 

13 
 

 
176 ± 9  

Body mass (kg)  67 ± 12 67 ± 12  70 ± 14 70 ± 14  75 ± 14 75 ± 14 

BMI (kg/m
2
)  23 ± 2 23 ± 2  23 ± 3 23 ± 3  24 ± 3 24 ± 3 

Peak aerobic power (W) 

*† 

 225 ± 

66   

241 ± 

66  

 228 ± 

61 

275 ± 

83 

 243 ± 

61 

270 ± 

64 

Values are means ± SEM. yrs, years; cm, centimeters; kg, kilograms; BMI, body mass index; m, 

meters; W, watts.  

* Main effect of training (p < 0.05) 

† Significant (p < 0.05) group x time interaction effect 

Page 24 of 30

https://mc06.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism



Draft

 25

Table 2. Interval training protocol characteristics 

 LO  MID  HI 

Intervals Performed 11.7 ± 0.3  8.8 ± 0.3  7.7 ± 0.4 

Mean Interval WR (watts) 181 ± 3  269 ± 7  327 ± 32 

Mean Interval Intensity (% of peak) 83 ± 13  112 ± 9  130 ± 20 

External Work (kJ) 149 ± 10  167 ± 12  169 ± 14 

Average Interval HR (% HR max) 76 ± 3  87 ± 6  90 ± 3 

Rate of Perceived Exertion 13 ± 2  17 ± 2  19 ± 2 

Values presented as mean ± SEM. WR, work rate; kJ, kilojoules; HR, heart rate. 
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Table 3. Summary of parameter estimates for moderate-intensity VO2 kinetics before (Pre) 

and after (Post) training. 

 LO MID HI 

 Pre Post Pre Post Pre Post 

Bsl (mL/min) 796 ± 56 781 ± 57 835 ± 52 791 ± 41 837 ± 69 804 ± 56 

Amp (mL/min) 423 ± 31 450 ± 26 434 ± 27 473 ± 12 460 ± 21 450 ± 23 

End Ex 

(mL/min) 
1219 ± 70 1231 ± 65 1269 ± 41 1264 ± 43 1297 ± 77 1255 ± 65 

τVO2 (sec)* 31 ± 2 26 ± 4 33 ± 4 26 ± 4 32 ± 3 25 ± 3 

Moderate WR 

(% VO2peak) 
39 ± 10 35 ± 8 36 ± 11 32 ± 9 34 ± 7 30 ± 6 

Values are means ± SEM. Bsl, baseline; Amp, amplitude; Ex, exercise; WR, work rate.   

* Significant (P<0.05) main effect of training;  
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Figure Legends 

Figure 1: VO2peak (mL/kg/min) values from pre-testing to post-testing are shown (A) 

for all three intensity groups (LO, MID and HI). The average change in VO2peak 

(mL/kg/min) values from pre-testing to post-testing are also shown (B) as are the 

individual responses for all participants (C-E) for all three intensity groups (LO, MID and 

HI). 

α Significant (p < 0.05) main effect of training 

β Significant (p < 0.05) group x time (i.e. training) interaction effect 

* Significant (p < 0.05) difference from baseline within group 

† Significant (p < 0.05) difference between LO and MID intensity groups. 

Figure 2: Absolute VO2 response with line of best fit and residuals for Pre (black circles 

and lines of best fit/residuals) and Post (grey circles and line of best fit/residuals) of a 

representative subject (τPre = 38 sec; τPost = 22 sec) ish shown (A). τVO2 (s) values 

from pre-testing to post-testing (A) for all three intensity groups (LO, MID, and HI) and 

the relationship between the change in VO2peak and the change in τVO2 (C) are also 

shown with data points above 0 reflecting an increase in VO2peak and a faster VO2 

response. 

α Significant (p < 0.05) main effect of training 

 

Figure 3: Total weekly energy expenditure (TWEE) (kcal/kg/wk) reported for all three 

intensity groups (LO, MID and HI) during pre-testing (A) and during the three training 

weeks (B).  The total reported moderate-intensity physical activity (PA) (kcal/kg/wk) 

performed during the three training weeks is also shown (C) for all three intensity groups. 

*Significant (p < 0.05) group effect such that moderate intensity PA was greater in the 

MID group for all 3 weeks of training.  
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