Original Article

https://doi.org/10.12965/jer.1734962.481

Journal of Exercise Rehabilitation 2017;13(4):393-399

Effects of long or short duration stimulus during high-
intensity interval training on physical performance,
energy intake, and body composition
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To compare the effects of 6 weeks of long or short high-intensity interval
training (long- or short-HIIT) on body composition, hunger perception,
food intake and rating of perceived exertion (RPE). Twenty previously
untrained women (25+5 years) were randomly assigned to do a long-
HIIT (n=10) or a short-HIIT (n=10). The long-HIIT group performed fif-
teen 1-min bouts at 90% of maximum heart rate (HRmax), interspersed
by 30-sec active recovery (60% HRmax). The short-HIIT group per-
formed forty-five 20-sec bouts at 90% of HRmax, interspersed by 10-sec
active recovery (60% HRmax). The training for both groups was con-
ducted 3 times a week for 6 weeks. All subjects performed the Astrand
cycle ergometer test to estimate maximal oxygen consumption (VOzmax)
1 week before and after the training period, as well as body composition,

INTRODUCTION

Physical inactivity and obesity with unfavorable outcomes for
health (Blair and Church, 2004) support the recommendation for
changes on the lifestyle that influence the body composition and
health, such as eating habits improvement and inclusion of physi-
cal activity (Hauser et al., 2004; Rankin, 2015).

Among the strategies for fat mass (FM) reduction, recent studies
suggest the high-intensity interval training (HIIT) (Airin et al.,
2014; Gillen et al., 2016; Higgins et al., 2016; Macpherson et al.,
2011; Trapp et al., 2008), which is characterized by successive pe-
riods of high-intensity effort interspersed with active or passive re-
covery, enabling higher workloads than in continuous exercise. Al-
though the number of publications regarding this subject has in-
creased, the regulation of HIIT has not been sufficiently studied

which was estimated through circumferences and skinfold thicknesses.
For all training sessions, the heart rate, visual scale of hunger, internal
load, and RPE were recorded. In the first and last week of training, sub-
jects were asked to record a 24-hr food diary for 3 days. Both training in-
duced significant pre to post decreases for fat mass, fat percentage,
waist circumference, sum of seven skinfolds and RPE. As expected esti-
mated, the VOanex increased in hath groups. There were no differences
for hunger perception, energy intake, and body mass. Long and short-
HIIT resulted in fat loss, without altering the energy intake.

Keywords: Body composition, High-intensity interval training, Hunger,
Energy intake

yet (Tschakert et al., 2015), due to the number of variables that can
be manipulated, these variables namely: effort and pause intensity
and duration, work: rest ratio, type of pause (active or passive),
number and duration of series, duration and type of recovery be-
tween series. These combinations have been classified in four differ-
ent high-intensity interval exercise (HIIE) models: (a) sprint inter-
val training (SIT) - 30 sec of all-out effort for 2 to 4 min of pause;
(b) repeated sprint training (RST) - 3 to 7 sec of effort at around
160% of velocity associated with maximal oxygen consumption
(vVOomax) interspersed with recovery periods lower than 60 sec; (c)
long-Interval HIIT - mote than 60 sec of effort at around 100%—
120% vVOinmas; and (d) short-Interval HIIT - less than 60 sec of ef-
fort performed around 90%—100% vVOma. In this way, it is pos-
sible to potentiate the adaptive responses to the exercise with a
great variety of protocols (Buchheit and Laursen, 2013).
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Recent studies showed the similar adaptations (Nalcakan, 2014)
or even superior (Airin et al., 2014; Racil et al., 2013; Tremblay et
al., 1994) when comparing HIIT with continuous training, show-
ing to be a strong strategy to weight control and one of the factors
that may influence changes in body composition is appetite sup-
pression induced by HIIE (Panissa et al., 2016; Trapp et al.,
2008). However, there is still no consensus regarding the best fre-
quency, mode, intensity and duration (Gist et al., 2014).

Acute studies that maintain the effort-pause ratio constant (Is-
lam et al., 2017; Price and Moss, 2007), but alter the duration of
efforts, indicated that the physiological responses can be altered,
affecting the use of substrates during the effort and resulting in
different total energy expenditure. Indeed, Islam et al. (2017)
demonstrated that shorter (5 sec:40 sec) and medium (15 sec:120
sec) all-out efforts, in an effort-pause ratio of 1:8, resulted in high-
er energy expenditure during the session when compared to the
traditional SIT protocol (30 sec:240 sec), although the longer in-
duced higher fat oxidation postexercise when compared to the
shorter protocol. Thus, these different physiological responses, re-
peated over time, could result in different chronic adaptations.
Another consequence of this manipulation is the rating of per-
ceived exertion (RPE), with studies showing that longer protocol
results in larger values on the RPE (Price and Moss, 2007).

In the same way that manipulations can affect RPE, RPE can
affect an individual’s adherence to a regular exercise program
(Price and Moss, 2007), the feelings that are induced by the phys-
ical exercise are related to the participation or not of regular phys-
ical exercise practice (Ekkekakis, 2009). Thus, if the feelings are
negative, they may prevent the practice of the exercise, and, on
the other hand, if the feelings are positive, they can promote the
continued participation (Frazdo et al., 2016; Garber et al., 2011).
For the HIIT to be viable or sustainable, it is necessary evaluate
the sensation it induces (Smith-Ryan, 2017).

Therefore, this research evaluates the chronic effect of varied
duration of HIIE with the same effort-pause ratio on the body
composition, aerobic power and energy intake. As a secondary ob-
jective, we evaluated the impact of such variation on RPE, hunger
perception and food intake.

MATERIALS AND METHODS

Design

A quasi-experimental study was conducted with a nonequiva-
lent control group design. The subjects were recruited through
posters displayed in the vicinity. The identification of diseases and

394 http://www.e-jerorg

health problems, as well as the use of any drug or nutritional sup-
plement were exclusion criteria. Individuals with body mass index
(BMI) greater than 19.1 and less than 34.9 were included. Before
starting, the subjects were informed about the procedures and
signed a free and informed consent form, as approved by the local
Research Ethics Committee of School of Physical Education and
Sports (CAAE:32287614.4.0000.5391). After the consent to pat-
ticipate in the research, the participants were divided into two dif-
ferent groups: long-HIIT and short-HIIT, with total of 6 weeks.
The participants performed 18 training sessions, performed 3
times a week, for 6 weeks. All anthropometric and aerobic fitness
measures were conducted before and after the intervention.

Sample

Twenty previously untrained women (25 £ 6 years), participated
in this study. They were instructed not to change their eating rou-
tine and not to perform any regular physical activity program

during the study. The characteristics of the sample are shown in
Table 1.

Measurements
Anthropometric measurements

For the analysis of body composition, it was used the BMI,
waist-hip ratio and skinfold thicknesses. For the BMI, the body
mass were collected through a portable digital scale (Tanita, To-
kyo, Japan) and the height through a wooden stadiometer. The
calculation of BMI was made by dividing body mass (kg) by the
square of the height (cm). For the measurement of the perimeters
(waist, hip, arm, thorax, thigh, and leg) a fiberglass measuring
tape was used. The waist-hip ratio was calculated by the ratio of
the perimeter of the waist by hip girth. The corrected thigh cit-
cumference proposed by Harrison et al. (1988) was calculated in
order to isolate muscle mass. For the skinfold measurements (in-
direct method for the prediction of body fat), an adipometer
(CESCORE, Porto Alegre, Rio Grande do Sul, Brazil) was used to
measure 3 times on rotation basis the following skinfold thick-
nesses: triceps, subscapular, pectoral, suprailiac, abdominal, thigh,
and leg. The median of the three measurements was utilized. The
estimation of body density and fat percentage was performed from
the generalized equation of Jackson et al. (1980) of four skinfolds,
being tricipital, suprailiac, abdominal and thigh and equation of
Siri (1961), respectively. From the percentage of fat, the FM was
estimated. The fat free mass (FEM) was calculated by subtracting
the FM from the total body mass.

https://doi.org/10.12965/jer.1734962.481
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Aerobic power estimation

On the same day of the anthropometric measurements, a sub-
maximal test proposed by Astrand and Ryhming (1954) was per-
formed on a cycle ergometer to estimate the VOoma. This test es-
timates the VOomax through the heart rate response with the use of
progressive loads at submaximal levels. The estimation of VOamax
was performed using the modified Astrand-Ryhming nomogram.

Food intake

It was requested to the participants to fill out a food diary be-
fore and after the intervention, with the time and amount of food
ingested in three nonconsecutive days of the week, one of them
being necessarily the weekend. The analysis was made from the
app FatSecret (Secret Industries Pty Led., Caulfield North, VIC,
Australia) (Subar et al., 2010).

Perspective measurements

A visual analogue scale (VAS) was applied to evaluate the hun-
ger perception immediately after each training session. The scale
ranged from 1 to 10, with 1 corresponding to no hunger percep-
tion and to 10 the maximum hunger perception. It has been
shown that VAS is highly effective in predicting food intake and
has high reproducibility (Flint et al., 2000).

After each session, RPE was collected using the CR-10 scale

adapted from Borg (Grant et al., 1999), where the subject report-
ed on a scale of 1 to 10 the RPE, with 1 (little or no exertion) and
10 (maximum perceived exertion).

Training protocols

The two groups (short- and long-HIIT) underwent a 3-min
warm-up prior to the session and maintained a no-load activity in
the final 3 min of the session; the warm-up load was 60% of max-
imal HR. Each session consisted of 15 min of effort through HIIE
with work: rest ratio equal to 2:1 and loads referring to 90% of
the HRmax (in the work phase) and 60% of the HRmax (in the
recovery phase). The training equalization was done using the
training volume. The duration of the series were different in each
group: long-HIIT performed 1 min of work with a 30 sec of re-
covery, with total of 15 series, while short-HIIT performed 20 sec
of work with 10 sec of recovery, with total of 45 series. To deter-
mine the maximum HR, the formula of Tanaka et al. (2001) pre-
diction by age was used.

At each training session, the HR values were measured (Polar
Electro Oy, Vantaa, Finland) and from this information the load
adjustment was made weekly, so that the percentage of the pro-
posed HR was reached. The cadence was maintained at approxi-
mately 60 rotations per minute in both groups, allowing load ad-
justment (kilopounds).

Table 1. Estimated aerobic power, anthropometry, and energy intake at baseline and after 6 weeks in women submitted to long (1 min:30 sec) or short (20 sec:10

sec) high-intensity interval training protocols

Pretraining Posttraining
Variable
Long (n=10) Short (n=10) Long (n=10) Short (n=10)

Body mass (kg) 66.9+109 69.0+14.1 66.3£11.3 68.7£138
Body mass index (kg/m?) 254+39 260+4.4 252+40 259+4.31
FFM (kgl? 37.0+7.1 379496 395+6.1 402+97
FM (kg)? 204+75 241495 188+7.3 221+89
Relative FM (%) 294+62 340457 26.8+6.0 31.1+58
37 skinfolds (mm]? 169.6+56.9 204.1+96 142.9+508 181.3+49.3
Circumference (cm)

Wiaist” 753+83 80.0£12.3 737+99 785+106

Hip 100+9.8 105.9+11.2 995+10.6 1046+114
Ratio waist/hip” 0.75+0.05 0.75+0.05 0.74+0.04 0.74+0.05
Thigh circumference corrected (cm)? 46.0+4.8 433+42 476+35 465+30
VOzrax (mL/kg/minf?! 279+6.0 339+85 36.2+99 415+116
Energy intake (kcal) 1,444 + 556 1,586 +444 1,546 +411 1,668+520

Values are presented as mean + standard deviation.

Long, long-high-intensity interval training; Short, short-high-intensity interval training; FFM, fat free mass; FIVI, fat mass; VOznax, maximal oxygen consumption estimated.

“Djfference between pretraining and posttraing (P<0.05).
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Fig. 1. Load across training sessions in the different training groups (values are
mean and standard deviation). kp, kilopounds; Long, long-high-intensity interval
training; Short, short-high-intensity interval training. ®Values greater than first
week (P<0.05). ®Values greater than second week (P<0.05). “Values greater
than third week (P< 0.05). Short: values greater than fourth week (P<0.05).

Statistics

All variables were analyzed before and after intervention, except
for hunger perception, RPE and load which were measured each
session. It was also calculated mean values for each week. The de-
scriptive statistical analysis was made via mean and standard devi-
ation calculations. For the inferential analysis to determinate the
pre and post intervention changes and the differences between the
groups, a two-way (group and moment) analysis of variance with
repeated measures was used. When detected a significant differ-
ence, the Bonferroni test was used as post boc. For the variables that
were modified with time, the effect size and/or the modification
percentage was calculated to verify the magnitude of the interven-
tion effect for each group.

RESULTS

There was no statistically significant difference between groups
at the beginning of the training program. The comparative ana-
lyzes are presented in Table 1.

There was no significant difference or interaction between
groups and moments in relation to body mass, BMI, FFM, FM,
relative FM, circumferences of wait, hip, thigh, waist hip ratio,
VOimax, and energy intake.

There was a significant reduction in relative FM between the
moments in both groups (F[1, 18]=40.10, P <0.001; partial
1°=0.690). As expected, the same result was found in FM with
significant reduction after the intervention (F[1, 18] =43.76,
P <0.001, partial °=0.647). The same pattern was found when
evaluating the sum of skinfolds between moments (F[1,
18]=37.13, P <0.001, partial 7= 0.673). Since the FFM is calcu-
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Fig. 2. Rating of perceived exertion across training sessions in the different
training groups (values are mean and standard deviation). a.u., arbitrary unit;
Long, long-high-intensity interval training; Short, short-high-intensity interval
training. ?Values greater than fifth and sixth weeks for both groups (P<0.05).

lated by subtracting FM from the total body mass, a significant
increase was found after the intervention (F[1, 18]=25.61, P<
0.001, partial n°=0.587).

There was a reduction in waist circumference after the interven-
tion (F[1, 18]=9.36, P=0.006, partial °=0.262), the same re-
sponse was not found for hip circumference (F[1, 18]=1.30,
P=0.269, partial 11°=0.067), as a result there was a reduction in
waist hip ratio (F[1, 18] = 6.4L, P=0.021, partial 1’ = 0.262).

There was an increase in the corrected circumference of the
thigh after the intervention (F[1, 18]=19.90, P<0.001, partial
1°=0.525) and also an increase in VO estimated between the
moments (F[1, 18] =37.57, P <0.001, partial 1)’ = 0.688).

Once the training prescription was performed through HR, the
load was adjusted according to the individual response of each
subject. In this way, there was an increase in the load during the
sessions for both groups (F[17, 306] =38.40, P <0.001, partial
1°=0.680) (Fig. 1). Even though there was no difference between
the groups (F[17, 306] = 2.38, P =0.141, partial i’ = 0.366), there
was interaction between the group and time (F[17, 306] =2.28,
P =0.003, partial °=0.113), in short protocol until the fourth
week there was a significant increase of load, while the load on the
long protocol did not increase significantly after the second week.
Despite the increase of load, there was a decrease in the RPE (Fig.
2) throughout the training sessions (F[17, 306] =2.79, P <0.001,
partial 1°=0.134). The absence of difference in the RPE reported
by the groups (F[17, 306]=0.32, P=0.581, partial n°=0.020),
without interaction between groups (F[17, 306]=0.71, P =0.796,
partial 11°=0.037), coincide with the load resules. For the hunger
petception, measured immediately after each training session,
there was no difference between the groups (F[17, 306]=4.24,
P =0.054, partial 1°=0.172), time (F[17, 306] =0.82, P =0.674,
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partial 1°=0.043), or interaction (F[17, 306]=0.91, P=0.560,
partial 1]’ = 0.048).

DISCUSSION

The main find of this study was that both short and long HIIT
resulted in reduction in FM, waist circumference, waist hip ratio
and on the increase of FEM, thigh circumference, load and VOama
estimated.

Several studies have evaluated the exercise response and body
composition in women with similar results, regarding the de-
crease of delta percentage fat, the magnitude of the decrease was
different for each study. In this study we found a decrease of 9%
for long-HIIT and 8.5% for short-HIIT, without any statistical
difference between them. Using protocols characterized as RST
(60 % 8-sec all-out with recovery of 12 sec) Airin et al. (2014) and
Trapp et al. (2008) found similar results (-6.8% and -8%, respec-
tively), with sample composed by eutrophic and overweight
women. Hazell et al. (2014) and Higgins et al. (2016) used a SIT
protocol (4 to 7x30-sec all-out with 4 min of recovery) for 6
weeks and found a decrease of 8% and 2.37% respectively. Al-
though both studies used the same protocol and showed a reduc-
tion in fat percentage, the amplitude of the decline was greater in
the Hazell et al. (2014), with a sample composed of eutrophic and
overweight active women, where the training sessions were pet-
formed in cycle ergometer, while Higgins et al. (2016) had the
sample formed by inactive women with overweight and obesity
and performed the sessions in the treadmill. These factors can in-
fluence the results. Racil et al. (2013) found a reduction of 7.8%
in a sample composed by obese adolescents using a short-HIIT
protocol (2 series of 6x30 sec a 100%—110% maximal aerobic
speed (MAS) with recovery interval of 30 sec a 50% MAS with 4
min of recovery between the series) performed for 12 weeks.

Simultaneously to the reduction of fat percentage, Airin et al.
(2014), Hazell et al. (2014), Racil et al. (2013), and Trapp et al.
(2008) showed a reduction in body mass (-1.41%, -0.82%,
-3.83%, and -2.37%, respectively). The studies that presented
greater weight reduction had a longer period of intervention, as
Racil et al. (2013) for 12 weeks and Trapp et al. (2008) for 15
weeks. This study did not find significant difference concerning
body mass, as well as Higgins et al. (2016).

Although the mechanisms responsible for weight loss and fat
percentage decrease are still unclear, one of the hypotheses is the
acute reduction on appetite (hormones, hunger perception and
energy intake per se). However, the acute response studies aiming

https://doi.org/10.12965/jer.1734962.481

to investigate the effect of exercise intensity in women failed in
detect reduction of energy intake due exercise intensity (Panissa et
al., 2016; Sim et al., 2015). In this study, there was no difference
between the groups or throughout the sessions in the hunger per-
ception collected immediately after each session, as there was no
difference in preintervention and postintervention on food intake,
similarly to the findings of studies that evaluated food intake (Ha-
zell et al., 2014; Higgins et al., 2016; Racil et al., 2013; Trapp et
al., 2008). These results suggest that, although there was no
change in the perception of hunger or food intake, we have to
consider the energy expenditure promoted in all sessions, which
can change the energy balance on training days and probably af-
fect body composition if longer training period is conducted.

The aforementioned studies, which duration of 6 weeks, also
found an increase in lean body mass (1.15%) (Airin et al., 2014)
and FFM (1.30%) (Hazell et al., 2014). These data support the
data of this study (long-HIIT, 7% and short-HIIT, 6%). The in-
crease in FFM suggests muscle hypertrophy, although Mora-Ro-
driguez et al. (2016), using a specific technique (biopsies), showed
that, after four months of HIIT (4 sets of 4 min at 90% HRmax)
there was a reduction of body and FM and an increase of FEM of
leg. However, it was due to an increase of water and glycogen,
while a reduction of 11% of protein was found.

As it is already clear, different HITE protocols have different
acute responses, which can induce different chronicle adaptations.
The previous training status, body composition, type of ergome-
ter, and the type of equipment used to measure body composition
can affect distinctly short- and long-term responses.

As found in the study by Price and Moss (2007), we expected
to find higher RPE scores in the group that performed the inter-
val exercise protocol with longer effort duration when compared
to the interval exercise protocol with shorter effort duration. Even
though there was no difference between groups, once the prescrip-
tion was established according to the HR, the groups responded
similarly in terms of RPE. In addition to that, throughout the
sessions the RPE decreased, showing an adaptation to the proto-
cols, even though the load was increased to keep the HR response
constant during the training sessions. The load increase during
training period was more frequent in short-HIIT than long-HIIT
and must be explored by future studies in order to identify this
impact on parameters related to physical fitness. This suggests
dissociation between HR, RPE and load during HIIE sessions and
should be considered when prescribing HITE. The present results
suggest that both types of training (short- or long-HIIT) can
modify the body composition of adult women without changes in
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food intake. Since the two protocols presented similar results, the
possibility of modifying the duration of effort with maintenance
of the work:rest relationship is interesting in a training program
with the objective of giving the practitioner new challenges,
avoiding the monotony and increasing adherence. In addition, the
short-HIIT generated greater impact on the increase of the load
and this can be considered in the training prescription.
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