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Introduction
High-intensity interval training (HIIT), in a variety of forms, is one 
of the most effective means of improving cardiorespiratory and 
metabolic functions and health in the general population, as well 
as the performance of athletes [8]. During strenuous physical train-
ing, the metabolic rate may increase exponentially, and both train-
ing intensity and duration exert major effects on metabolic re-
sponses that occur during and after the exercise [5, 21, 28]. This 
type of training improves the cardiometabolic characteristics of 
healthy and obese individuals, as well as those with type 2 diabe-
tes, to a greater extent than continuous aerobic exercise of mod-

erate intensity. Furthermore, HIIT effectively restores vascular func-
tion in patients suffering from heart disease [14, 20, 24, 30, 31].

In addition to increasing considerably during strenuous physi-
cal training, the elevated metabolic rate may persist for a prolonged 
period afterward. This phenomenon, known as excess postexercise 
oxygen consumption (EPOC), may exert a major impact on total 
energy consumption [5, 21, 28]. Training status, the intensity and 
duration of exercise, and dietary energy content all affect meta-
bolic responses both during and following training [5, 21, 28]. The 
importance of EPOC is found in the increased oxygen uptake; it 
therefore burns through more calories, which may be of impor-
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This study compared the effects of long (4 × 4 min) and short 
intervals (4 × 8 × 20 s) of high-intensity interval exercise bouts 
(HIIT) on running performance, physiological and perceptual 
responses, and excess postexercise oxygen consumption 
(EPOC). Twelve healthy college students (8 men, 4 women; 
mean age = 22 ± 2 years) performed long (90–95 % of peak 
heart rate) and short intervals (maximal intensity) of high-in-
tensity training (running on a non-motorized treadmill) with 
the same total duration on separate days. The total volume of 
consumed oxygen during recovery was the same in both cases 
(P = 0.21), whereas the short intervals of high-intensity training 
were performed at a faster mean running velocity (3.5 ± 0.18 
vs. 2.95 ± 0.07 m/s) and at a lower RPEbreath compared with the 
long intervals of high-intensity training. The blood lactate con-
centration also tended to be lower during the short intervals 
of high-intensity training, indicating that short-interval training 
was perceived to be easier than long-interval training, even 
though the cardiovascular and metabolic responses are similar. 
Furthermore, EPOC lasted significantly longer (83.4 ± 3.2 vs. 
61.3 ± 27.9 min, P = 0.016) and tended to be higher 
(8.02 ± 4.22 = vs. 5.70 ± 3.75 L O2, P = 0.053) after short inter-
vals than after long intervals of training.

E20

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:roland.v.tillaar@nord.no


Valstad SA et al. Comparison of Long and … Sports Medicine International Open 2018; 2: E20–E27

tance for weight loss. Therefore, to be able to recommend differ-
ent HIIT training regimes, energy consumption during and after 
different HIIT protocols have to be investigated.

It was found that exercise of higher intensity elevated postex-
ercise oxygen consumption () to a greater extent and more persis-
tently than exercises at a lower intensity [3, 6, 12, 21, 23]. For ex-
ample, Laforgia et al. [22] found that 20 × 1-min bouts of high-in-
tensity treadmill running interspersed with 2-min rest periods 
(20 min at 105 % of maximal oxygen uptake [V̇O2max]) performed 
by eight male middle-distance runners resulted in an EPOC value 
twice as great as that following an equal amount of continuous 
work at a lower intensity (30 min at 70 % of V̇O2max). Moreover, Daw-
son et al. [12] observed that the exercise of highest intensity 
(34 min at 65 % of V̇O2max) performed by eight healthy young 
women produced a substantially greater EPOC value than other 
regimens (41 min at 55 % of V̇O2max and 49 min at 45 % of V̇O2max) 
that involved the same overall level of work.

Even though EPOC is significantly altered when a session of aer-
obic exercise is divided into two bouts, few studies have focused 
on EPOC after HIIT. Kaminsky et al. [19] showed that when women 
performed 50 min of continuous running or two 25-min intervals, 
both at 70 % of V̇O2max, the total EPOC values were 1.4 L and ~3.1 L, 
respectively. Moreover, Almuzaini et al. [1] reported that following 
30 min of continuous cycling or two 15-min intervals (separated 
by 6 h), both at 70 % of V̇O2max, the total EPOC values were 5.3 L and 
7.4 L, respectively. When Larsen et al. [23] compared three differ-
ent regimens of aerobic exercise (i. e., one 4-min bout, four 4-min 
bouts at 85–95 % of maximal heart rate, and 47 min of continuous 
exercise at 70 % of maximal heart rate), they obtained EPOC values 
of 1.3 ± 1.1 L, 2.9 ± 1.7 L, and 1.4 ± 1.1 L, respectively. In the two for-
mer of these studies, it was indicated that a higher EPOC was found 
after performing high-intensity training in several smaller intervals 
with the same percentage of oxygen uptake as in continuous exer-
cise.

However, the shortest regimens employed were 4-min [22] or 
1-min [21] intervals. Intervals shorter than 1 min may place even 
more stress on the body because of running velocity is higher. This 
in turn may lead to a greater EPOC than intervals at a lower running 
velocity lasting more than 1 min. Long intervals (e. g., 4 × 4 min) are 
very popular as a training model, which has been extensively stud-
ied in different populations [18]. Short intervals of 8 × 20 s, called 
the Tabata interval, are also used in endurance training [29]. It is 

important to highlight that HIIT is very popular because it is con-
sidered a time-efficient way to improve performance.

Therefore, the purpose of this study was to compare high-inten-
sity short and long intervals with respect to physiological and per-
ceptual responses during and after sessions in healthy subjects. It 
was hypothesized that (1) the physiological variables (oxygen up-
take, lactate concentration and heart rate) and perceptual varia-
bles (rate of perceived exertion) would be equal during exercise 
and (2) the shorter intervals of high-intensity training would result 
in a more pronounced EPOC.

Materials & Methods

Participants
Twelve healthy college students (8 men, 4 women), aged 20 to 25 
years (▶Table 1), who regularly trained in running, soccer, and 
handball for a minimum of three times a week volunteered to par-
ticipate in the study. Subjects who met one or more of the follow-
ing exclusion criteria were not eligible to participate in the study: 
injuries that prevented subjects from running at high intensity dur-
ing the exercise sessions, known diseases associated with system-
ic and pulmonary circulation, reluctance to refrain from nicotine 
or alcohol consumption, and involvement in another study. The 
subjects’ anthropometrical and physiological characteristics are 
shown in ▶Table 1. The study was approved by the Norwegian So-
cial Science Data Services and carried out in accordance with the cur-
rent ethical standards in sports and exercise research and of the jour-
nal [16]. All subjects were fully acquainted with the nature of the 
study and informed of the experimental risks before signing a writ-
ten consent form to participate. It was explicitly stated to the sub-
jects that they could withdraw from the study at any point. The study 
was conducted in accordance with the Declaration of Helsinki.

Experimental design
To test the physiological and perceptual responses during and after 
short intervals and long intervals of high-intensity running on a 
curved, non-motorized treadmill, we used a balanced repeated 
measures crossover design. This approach entailed gathering data 
on the subjects’ completion of the two training sessions on sepa-
rate test days in randomized order. The long intervals of high-in-
tensity training involved four 4-min intervals at 90 to 95 % of peak 
heart rate (HRpeak) [17, 32], and the short intervals comprised four 
sets of eight 20-s intervals at the highest possible intensity with a 
10-s break after each interval [29]. In both cases, the subjects had 
a 3-min active recovery period between each set. Therefore the 
total duration (including breaks) was 25 min in both cases.

Pre-testing measurements
Four weeks before the main experiment, the subjects’ maximal ox-
ygen uptake (V̇O2max) was measured during running on a conven-
tional motorized treadmill. The subjects also had a familiarization 
session on the non-motorized treadmill one week before. To deter-
mine the subjects V̇O2max, the subjects performed uphill running 
on a motorized treadmill (h/p/cosmos quasar, h/p/cosmos sports 
& medical gmbh, Nussdorf-Traunstein, Germany). After a 15-min 
warm-up, the participants ran for 5 to 6 min at a constant inclina-

▶Table 1 Anthropometrical and physiological characteristics of the 12 
study subjects.

Variable Females 
(n = 4)

Males 
(n = 8)

All subjects 
(n = 12)

Age (years) 22 ± 1 22 ± 2 22 ± 2

Height (m) 1.68 ± 0.10 1.80 ± 0.05 1.76 ± 0.09

Body mass (kg) 61.4 ± 5.1 74.3 ± 4.2 70.0 ± 7.7

BMI (kg/m2) 21.7 ± 1.2 22.9 ± 0.8 22.5 ± 1.1

VO2max (mL/kg/min) 48.6 ± 6.2 61.1 ± 4.8 56.9 ± 8.0

Peak heart rate 
(beat/min)

189 ± 5 190 ± 8 190 ± 7

Note. Values are means ± SD. BMI, body mass index; VO2max, maximal 
oxygen uptake.
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tion of 10.5 %, with an individual starting velocity and a gradual in-
crease of 1 km/h each minute. An inclination of 10.5 % was chosen 
because all subjects were used to uphill running. The test was con-
sidered to be a maximal effort if two of the following three criteria 
were met: (a) a plateau in V̇O2 with increasing intensity of exercise, 
(b) respiratory exchange ratio above 1.15, and (c) blood lactate 
concentration exceeding 8 mmol/L [4].

The oxygen uptake was monitored continuously with the Oxy-
con Pro (Erich Jaeger, Viasys Healthcare, Hoechberg, Germany) in 
“breath-by-breath” mode, and the average of the three highest 
10-s consecutive measurements determined the V̇O2max. The heart 
rate was registered every 10 s with a Polar RS 400 (Polar Electro, 
Kempele, Finland), and the highest stable heart rate value during 
the last minute of the test was defined as the peak heart rate 
(HRpeak). The portable LT-1710 Lactate ProTM analyzer (Arkray Fac-
tory Inc., KDK Corporation, Shiga, Japan) was used to measure the 
blood lactate concentration immediately after the test. This ana-
lyzer needs a sample of only 5 uL of blood (taken from the finger-
tip).

A familiarization test was carried out on a non-motorized tread-
mill (Woodway Curve, model 1.5, Woodway, Waukesha, WI, USA) 
to see how the subjects responded to performing the interval ses-
sions on this particular treadmill. The subjects first ran for 20 min 
at 70 % of HRpeak. Thereafter, they performed one 4-min interval 
from the long interval session and one set of 8 × 20-s intervals from 
the short interval session, interrupted by 3 min of active moderate 
walking between sessions.

Experimental procedures
For the experimental intervention, the subjects arrived at the lab-
oratory at the same time of day ± 1 h on two separate test days fol-
lowing a 12-h overnight fast before both tests and with 48 h to one 
week between the tests. The subjects were instructed to refrain 
from performing vigorous activity for 48 h, consuming alcohol for 
36 h, and consuming any caffeine or nicotine for 12 h prior to each 
test day [11]. After their height and weight measurements were 
recorded, and after ten minutes of rest, the subjects underwent a 
30-min measurement of resting metabolic rate. To perform this 
measurement, the subjects were hooked up to the Oxycon Pro 
open-air spirometry system set to operate in “breath-by-breath” 
mode. The subjects were then instructed to wear a mask connect-
ed to the open air spirometry system and to lie in a supine position 
on a mattress while resting their head on a pillow for maximal re-
laxation. Baseline oxygen uptake was calculated within a 5-min pe-
riod (see Calculations). The heart rate at baseline was recorded as 
the heart rate value that was registered in parallel with the baseline 
V̇O2 value. The blood lactate concentration at baseline was meas-
ured immediately after the 30-min resting metabolic rate meas-
urement phase.

After the resting metabolic rate measurements were performed, 
the subjects warmed up by running at 70 % of HRpeak for 10 min on 
the non-motorized treadmill. Thereafter, they performed one ex-
ercise session with short or long intervals. By using a non-motor-
ized treadmill, the subjects could run at their individual highest 
possible intensity during the short-interval session. They could also 
increase and decrease the velocity by themselves and stay on the 

treadmill for the whole duration of the sessions, including moder-
ate walking on the treadmill during the recovery period. The sub-
jects wore the mask for the entire duration of the sessions and ox-
ygen uptake and heart rate were measured continuously. After each 
set of short and long intervals, blood lactate concentration was 
measured and the subjects’ ratings of perceived exertion (RPE) 
were registered. To measure the subjects’ RPE of fatigue associat-
ed with non-linear physiological responses, i. e., blood lactate con-
centration, Borg RPE 0–10 [26] was used (RPEfatigue). RPE 6–20 scale 
was used to measure the subjects’ RPE of the pulmonary ventila-
tion [9] after each set (RPEbreath). The average running velocity on 
the treadmill (treadmill belt velocity) was measured after each in-
terval and set by Curve 1.5 software (Woodway, Waukesha, WI, 
USA), and the total running distance covered over each training 
session was recorded.

Immediately after each interval session, the mask was removed 
so the subjects could drink a glass of water. Thereafter, within 2 min 
of completing the exercise session, the subjects were instructed to 
lie down on the mattress and were again hooked up to the open-air 
spirometry system [11]. The subjects then underwent a recovery 
period, which involved lying in a supine position until the 90-min 
limit, during which the oxygen uptake and heart rate were meas-
ured. A 90-min limit was chosen based on the findings of Larsen et 
al. [23], who found the longest lasting increase in O2 uptake during 
recovery in their study to be 70.4 ± 24.8 min. After every 30 min of 
measurements, the subjects were permitted, for their own well-
being, a 2-min break, during which the mask was removed. During 
the resting metabolic rate and postexercise measurements, each 
subject rested in a quiet room, completely shielded from external 
interference. All tests were performed indoors in a laboratory with 
good ventilation and well-controlled ambient conditions, at a room 
temperature maintained between 21 °C and 24 °C.

Calculations
Steady-state conditions for resting metabolic rate were achieved 
within a 5-min period with  ≤ 10 % coefficient of variation for V̇O2 
and carbon dioxide production (V̇CO2) [11]. The lowest average 
value of five consecutive 1-min measurements was used as the 
baseline V̇O2 value. In the recovery period after the training ses-
sions, a subject was considered to have reached baseline again 
when the average of five consecutive 1-min EPOC measurements 
with  ≤ 10 % coefficient of variation for V̇O2 and V̇CO2 [11] corre-
sponded to the baseline  values. The accumulated O2 uptake dur-
ing the two training sessions and during the recovery was calculat-
ed by multiplying the O2 uptake for each minute by the time in min 
used during or after the sessions. The EPOC was measured in liters 
and was calculated based on accumulated O2 uptake from the end 
of the training session until the 90-min limit or until baseline val-
ues were reached. A subject was considered to have reached base-
line again when the average of five consecutive 1-min EPOC meas-
urements with  ≤ 10 % coefficient of variation for V̇O2 and V̇CO2 [11] 
corresponded to the baseline V̇O2 values. If baseline was not 
reached during the recovery time, EPOC was measured for the 
whole 90-min recovery period. The EPOC values were calculated 
using the following formula: EPOC (L) = accumulated V̇O2 (L) – (V̇O2 
baseline (L/min) × time to V̇O2 baseline (min)). The duration of 

E22

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Valstad SA et al. Comparison of Long and … Sports Medicine International Open 2018; 2: E20–E27

EPOC was considered to be the time after completion of exercise 
to the first minute of the 5-min average that established the base-
line [24, 26]. The ratio of EPOC to exercise oxygen consumption 
(EOC) was calculated in accordance with the method used by Bahr 
and Maehlum [2].

Statistical analyses
Data were checked for normality with the Shapiro–Wilk test. A one-
way analysis of variance (ANOVA) with repeated measures was used 
to test for differences between subjects’ responses at baseline and 
during the two different training regimens. Furthermore, the total 
running distance, accumulated oxygen uptake during short and 
long intervals of high-intensity training, and recovery time to re-
turn to baseline between the two sessions were also tested with a 
one-way ANOVA. To compare the subjects’ physiological (O2 up-
take, heart rate, lactate concentration), performance (average run-
ning velocity of each set), and perceptual responses (RPE) during 
the long and short intervals of high-intensity training, we used a 2 
(short vs. long intervals) × 4 (sets 1–4) ANOVA with repeated meas-
ures. A 2 (short vs. long intervals) × 6 (end of exercise, 6 min, 
10 min, 30 min, 60 min, 90 min) ANOVA with repeated measures 
on both variables was used to test for differences in oxygen uptake 
and heart rate between the two training regimens during the re-
covery period. Post hoc comparisons with Holm-Bonferroni correc-
tions were conducted to detect differences. All results are present-
ed as mean ± SD. In those instances where the sphericity assump-
tion was violated, Greenhouse–Geisser adjustments of the P values 
were reported. The criterion level for significance was set at P < 0.05. 
The effect size was evaluated with η2 (partial eta squared), where 
0.01 < η2 < 0.06 constitutes a small effect, 0.06 < η2 < 0.14 consti-
tutes a medium effect, and η2 > 0.14 constitutes a large effect [10]. 
Statistical analysis was performed with IBM SPSS Statistics for Win-
dows, version 21.0 (IBM Corp., Armonk, NY, USA).

Results
No significant differences were found at baseline for V̇O2, heart rate, 
and lactate concentration values before starting the two test pro-
tocols (F ≤ 2.4, P ≥ 0.174, η2 ≥ 0.02, ▶Table 2). In addition, no sig-
nificant differences in total distance covered (F = 3.4, P = 0.093, 
η2 = 0.24, ▶ Table 2) and accumulated oxygen uptake (F = 1.1, 
P = 0.31, η2 = 0.09, ▶Table 2) during the two training protocols were 
found.

All physiological, perceptual, and performance variables were 
affected during both interval sessions (F ≥ 10.0, P ≤ 0.005, η2 ≥ 0.48, 
▶Fig. 1 and 2), and post hoc comparisons showed that the percep-
tual (RPE) and physiological (oxygen uptake, lactate concentration 
and heart rate) parameters increased significantly for every inter-
val set under both conditions. Mean and peak oxygen uptake and 
heart rate during the entire training sessions (including breaks), as 
well as oxygen uptake and heart rate after the last interval set, did 
not differ between conditions (0.66 ≤ F ≤ 1.58, 0.14 ≤ P ≤ 0.53).

During the two different interval sessions, the mean running ve-
locity was faster when the subjects performed the short intervals 
of high-intensity training compared with the long intervals 
(3.5 ± 0.18 vs. 2.95 ± 0.07 m/s) of high-intensity training (F = 49.7, 
P < 0.001, η2 = 0.82), whereas the opposite was found for the oxy-
gen uptake and RPEbreath – that is, these values were significantly 
higher after the long intervals of high-intensity training compared 
with the short intervals of high-intensity training (F ≥ 4.9, P ≤ 0.048, 
η2 ≥ 0.32, ▶Fig. 1 and ▶2). In addition, there was a trend of higher 
lactate concentration after each long interval of high-intensity 
training compared with the short intervals of high-intensity train-
ing (F = 4.2, P = 0.063, η2 = 0.28). Post hoc comparison showed that 
the running velocity was faster in each set for the short intervals 
compared with the long intervals, whereas the RPEbreath was signif-
icantly higher for the long intervals after the second and third sets 
(▶Fig. 1), and the oxygen uptake was significantly higher for the 
long intervals after the third and fourth sets (▶Fig. 2). No other sig-
nificant differences (RPEfatigue and heart rate) during the two inter-
val sessions were found (F ≤ 1.2, P ≥ 0.293, η2 ≥ 0.02, ▶Fig. 1 and 2). 
Within-group comparisons showed a significant increase in run-
ning velocity for short intervals from the first set to the second set 
and from the third set to the fourth set, whereas for long intervals, 
there was a significant increase in running velocity from the third 
set to the fourth set (▶Fig. 1).

Only two of 12 subjects reached baseline values within 90 min 
after both the long- and short- interval sessions. An additional four 
subjects reached baseline values within 90 min after the long-in-
terval session, but not after the short-interval session. One subject 
reached baseline values within 90 min after the short-interval ses-
sion, but not after the long-interval session. The remaining five sub-
jects did not reach baseline values within 90 min after either the 
short- or the long-interval session. Recovery followed the same 
pattern after both interval sessions; the oxygen uptake and heart 
rate decreased exponentially after exercise, with no significant dif-
ferences in development between the two interval sessions (F ≤ 2.0, 
P ≥ 0.17, η2 ≤ 0.16, ▶Fig. 3). The time to baseline was significantly 
shorter after the long-interval session compared with the short-
interval session (▶Table 2). Furthermore, a trend of higher EPOC 

▶Table 2 Physiological parameters at baseline, as well as total distance 
covered and accumulated oxygen uptake during exercise, accumulated O2 
uptake and EPOC during the recovery period for the two training sessions.

Variable Long interval Short interval

V̇O2 (L/min) at baseline 0.27 ± 0.04 0.26 ± 0.04

Heart rate (beat/min) at 
baseline

51 ± 7 50 ± 6

Blood lactate concentration 
(mmol/L) at baseline

2.1 ± 0.4 2.0 ± 0.5

Total distance covered (m) 3531 ± 707 3438 ± 627

Accumulated O2 uptake (L) 65.37 ± 15.95 64.28 ± 14.63

Time to baseline (min)a 61.3 ± 27.9 83.4 ± 3.2 * 

Accumulated O2 uptake (L)b 28.85 ± 5.80 29.97 ± 6.25

EPOC (L)c 5.70 ± 3.75 8.02 ± 4.22

EPOC to EOC ratio 8.7 ± 4.9 12.1 ± 4.4 * 

Note. Values are means ± SD.

a Time to baseline or until 90 min if baseline was not reached.  
b Accumulated O2 uptake during the 90-min recovery period.  
c EPOC until baseline or until 90 min if baseline was not reached.

 * Significant (P < 0.05) difference between the two training sessions.
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(in milliliters) until baseline, or until 90 min if baseline was not 
reached, was found for the short intervals compared with the long 
intervals (F = 4.7, P = 0.053, η2 = 0.30, ▶Table 2). There was no sig-
nificant difference in accumulated O2 during the 90-min recovery 
period between the groups (F = 1.7, P = 0.21, ▶Table 2). The ratio 
of EPOC to exercise oxygen consumption averaged 8.7 ± 4.9 % and 
12.1 ± 4.4 % for the long intervals and the short intervals, respec-
tively, and hence this ratio was higher for the short-interval proto-
col (mean difference = 3.4 ± 5.3 %, F = 4.89, P = 0.049).

Discussion
The main findings were that the ratio of EPOC to EOC was higher 
and EPOC duration was longer after the short intervals. Further-

more, oxygen uptake and RPEbreath during the long intervals of high-
intensity training were higher than during the short intervals. There 
was no difference in total EPOC between the two experimental con-
ditions.

No differences were found in oxygen uptake, heart rate, and 
blood lactate concentration between the two experimental condi-
tions at baseline, suggesting that potential variance in baseline con-
ditions did not affect the results. All physiological and perceptual 
variables were substantially elevated during the short- and long-
interval training sessions. The similarity between protocols in ac-
cumulated oxygen uptake during training may indicate that the 
oxygen cost values were the same for the short- and long-interval 
training sessions. It is well known that energy expenditure increas-
es with physical activity in proportion to the amount of work per-
formed and that different interval training protocols with different 
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→ indicates a significant increase from this value, P < 0.05 level.   
* Significant (P < 0.05) difference between the short- and long- 
interval sessions at this set.
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work-to-rest ratios may elicit different metabolic and cardiovascu-
lar responses [15]. The acute responses during the two experimen-
tal conditions in our study showed that both the short and long in-
tervals of high-intensity training elicited similar substantial cardi-
ovascular and metabolic responses.

In the present study, the total training duration was the same 
for the short and long intervals of high-intensity training, together 
with similar values for total distance covered (▶Table 2) and accu-
mulated oxygen uptake during exercise. This indicates that the cost 
of the exercise per se was the same in both conditions. The results, 
moreover, show that both interval protocols significantly increased 
acute metabolic and cardiovascular responses to a similar degree 
during exercise, even though the long-interval protocol had a total 
high-intensity work of 16 min (excluding breaks) and the short-in-
terval protocol had a corresponding total high-intensity work of 
10 min and 40 s. Furthermore, the short intervals of high-intensity 
training were performed at a faster running velocity and at a lower 
RPEbreath compared with the long intervals of high-intensity train-
ing. The blood lactate concentration also tended to be lower dur-
ing the short intervals of high-intensity training, indicating, togeth-
er with the lower RPEbreath, that short-interval training was per-
ceived to be easier to perform even though the cardiovascular and 
metabolic responses are similar to those in long-interval training. 
These findings may show the effect of training intensity, possibly 
highlighting the potentially greater efficiency of running at maxi-

mal to supramaximal intensities of V̇O2max compared with running 
at submaximal intensities.

After training, EPOC lasted longer and tended to be higher after 
short intervals of high-intensity training than after long intervals 
of high-intensity training. The total accumulated O2 uptake during 
recovery was the same in both cases; however, the ratio of EPOC to 
EOC was higher for short intervals of high-intensity training. It is 
well known that recovery from a bout of exercise is associated with 
an elevation in metabolism afterward. The findings of a 26 % long-
er duration of EPOC after short intervals compared with long inter-
vals of high-intensity exercise may reflect the fact that EPOC is sen-
sitive to work intensity. In terms of oxygen uptake and heart rate 
during exercise, no differences between the two training protocols 
were found. However, the running velocity during the work inter-
vals was  ≈ 17 % higher during the short-interval training protocol, 
which shows a greater exercise intensity during short intervals com-
pared with long intervals of training. The total magnitude of EPOC 
did not differ between our interval protocols; however, short inter-
vals of high-intensity training elicited a longer duration of EPOC 
compared with long intervals. This finding may be explained by the 
fact that only three subjects reached baseline values within 90 min 
following the short-interval protocol, whereas six subjects reached 
baseline values within the fixed 90-min time limit following the 
long-interval protocol. This longer duration of EPOC following the 
short intervals of very high-intensity running may suggest that 
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▶Fig. 3 Decline in O2 uptake a, c and heart rate b, d from the end of the training to the end of the 90-min recovery period. For all subjects pooled, 
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these intervals elicited higher stress and greater impact on the 
longer-lasting slow component of the EPOC. Physiological mecha-
nisms that could explain higher EPOC following the short intervals 
of higher-intensity running could be associated with a greater dis-
turbance to exercising muscle mass during the short intervals, as 
suggested by Lyons et al. [25]. Moreover, Larsen et al. [23] found 
an average duration of EPOC of 70 min in male subjects with met-
abolic syndrome following 4 × 4 min HIIT, which was similar to our 
findings in healthy subjects. Nevertheless, our postexercise meas-
urement period was clearly too short, given that only two subjects 
reached the baseline control value following both interval proto-
cols. Because we stopped recording the postexercise measure-
ments after 90 min and the subjects who had not yet reached base-
line were assigned a value of 90 min for the duration of EPOC, we 
cannot tell the exact time needed to reach baseline in our study.

A difference in the ratio of EPOC to EOC, as introduced by Bahr 
and Maehlum [2], showed that EPOC averaged approximately 9 % 
and 12 % of EOC for, respectively, the long and short intervals of 
high-intensity training in our study. These findings may implicate 
a greater postexercise effect following short intervals compared 
with long intervals of high-intensity training. Sedlock et al. [27] 
found this ratio to be 9.7 % following high-intensity exercise, where-
as Kaminsky et al. [19] found it to be 1.3 to 2.8 % following runs at 
70 % of peak oxygen uptake. These findings indicate that the inter-
val protocols used in this study taxed the subjects’ cardiovascular 
and metabolic system to a high degree, pointing out the signifi-
cance of intensity with respect to postexercise effects.

A significant  ≈ 0.55 m/s faster running velocity during short in-
tervals compared with long intervals of high-intensity training was 
found. It is interesting that the subjects ran faster during all four 
sets of the short intervals compared with the long intervals of high-
intensity training and that they were able to increase their running 
velocity over the entire short-interval session. Furthermore, the 
difference in running velocity between the two interval protocols 
also increased during the session. Generally, HIIT, in a variety of 
forms, is viewed as a time-efficient method for improving physical 
performance in athletes, but different formats of HIIT may still elic-
it different anaerobic energy contributions despite similar cardi-
orespiratory responses [7, 8]. Similar metabolic and cardiovascular 
responses during exercise between short and long intervals of high-
intensity training were found. But it may be that the two interval 
protocols taxed the different energy systems to different degrees. 
Supposing that the short intervals of high-intensity training placed 
a higher demand on the splitting of the stored phosphagens than 
did the long intervals [13] owing to shorter work intervals and fast-
er running velocity, it may be that the short-interval protocol is 
more sport-specific, at least for some groups of athletes. For exam-
ple, track-and-field middle-distance runners, as well as athletes in 
team and racket sports, may benefit from the possible higher neu-
romuscular strain and the rapid shifts between intensive work pe-
riods and short breaks imposed by the short-interval protocol.

The total magnitude of EPOC in the current study may be un-
derestimated because the rest intervals were not included in the 
calculation of total EPOC [21]. If a common baseline for the two ex-
perimental protocols had been chosen, the long intervals would 
have reached V̇O2 at baseline at a later stage, and the short inter-

vals would have reached V̇O2 at baseline at an earlier stage. As an 
example, in this study there was  ≈ 15 mL O2 in difference between 
the long intervals (273.3 mL O2) and the short intervals (258.4 mL 
O2). If an average baseline had been chosen for resting metabolic 
rate for the long-interval protocol and the short-interval protocol, 
the average time to baseline would have been almost equal, with 
outcomes of  ≈ 75 min for the long intervals and  ≈ 74 min for the 
short intervals. If so, the levels of total EPOC would also have been 
more similar between the two interval protocols, with outcomes 
of  ≈ 6,248 mL O2 for the long intervals and 7,076 mL O2 for the 
short intervals. Even if levels of EPOC become more similar in value 
between the two exercise protocols, there would still be a tenden-
cy for higher EPOC following the short intervals of high-intensity 
training.

Conclusion
This study showed that short intervals of high-intensity training 
contributed to faster running velocities than long intervals of high-
intensity training, although other physiological responses were the 
same. During recovery, the short-interval protocol elicited EPOC 
of a longer duration compared with the long-interval protocol, sup-
porting previous evidence indicating that EPOC can be manipulat-
ed by changes in intensity of exercise. These findings show that 
even if both interval protocols were carried out with high intensity, 
the maximum intensity of the short intervals contributed to EPOC 
of longer duration and a tendency toward a greater total magni-
tude of EPOC. However, the ratio of EPOC to EOC shows that pos-
texercise oxygen consumption contributes little to the daily ener-
gy expenditure and that it is the cumulative effect of the energy 
expenditure during the actual exercise that counts. Moreover, the 
faster running velocity during the short-interval protocol may make 
this protocol of greater relevance for some groups of athletes. A 
further practical application of the present study is that both the 
short and long interval produces a distinct postexercise elevation 
of metabolism, which may be relevant for weight loss.
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