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Abstract: The aim of this study was to compare the effects of exercise intensity on appetite control: relative energy intake
(energy intake minus the energy expenditure of exercise; REI), hunger scores, and appetite-regulating hormones in men and
women. Eleven men and 9 women were submitted to 4 experimental sessions: high-intensity intermittent all-out exercise
(HIIE-A) for 60 x 8 s interspersed by 12 s of passive recovery; high-intensity intermittent exercise (HIIE) at 100% of maximal load
attained in incremental test; steady-state exercise at 60% of maximal load, matched by work done; and a control session. Exercise
was performed 1.5 h after a standardized breakfast, and an ad libitum lunch was offered 4 h after breakfast. Blood concentration
of insulin, cortisol, acylated ghrelin, peptideYY, 5, glucose, and hunger scores were measured when fasting, and at 1.5, 2, 3.25,
and 4 h of experiment. REI was lower in all exercises than in the control, without differences between exercises and sex showing
no compensation in energy intake because of any exercise; the hunger scores were lower only in the exercises performed at
higher intensity (HIIE and HIIE-A) compared with the control. The area under the curve of acylated ghrelin was lower in the
HIIE-A when compared with the control. PeptideYY; ;; was higher in men than women and cortisol higher in women than men
independently of the condition. Although high-intensity exercises promoted a little more pronounced effects in the direction of
suppressing the appetite, no differences were observed in REI, demonstrating that these modifications were not sufficient to
affect energy intake.

Key words: sex, energy intake, appetite-regulating hormones, hunger, high-intensity intermittent exercise.

Résumé : Cette étude a pour objectif de comparer les effets de l'intensité de 1’exercice sur le contrdle de I’appétit : apport
énergétique relatif (« REI », apport énergétique moins dépense énergétique a I’effort), sensation de faim, hormones de I’appétit
chez des femmes et des hommes. Neuf femmes et onze hommes participent a quatre séances expérimentales : exercice par
intermittence d’intensité élevée a fond de train (« HIIE-A »), soit 60 x 8 s incluant 12 s de récupération passive; exercice par
intermittence d’intensité élevée (« HIIE ») 2 100 % de la charge maximale atteinte au cours d’un test progressif; exercice en régime
stable 4 60 % de la charge maximale et apparié en fonction du travail effectué; séance de controle. Les sujets effectuent I’exercice
1,5 h aprés un petit déjeuner normalisé et prennent un repas ad libitum 4 h aprés le petit déjeuner. On mesure les concentrations
sanguines d’insuline, de cortisol, de ghréline acylée, de peptide YY, 54, de glucose ainsi que la sensation de faim a jeun et 1,5, 2,
3,25 et 4 h suivant le début de ’expérimentation. REI est plus faible dans toutes les séances d’exercice comparativement a la
séance de controle, sans différence entre les exercices; le sexe n’est pas une variable de compensation de I’apport énergétique
dans toutes les séances d’exercice; la sensation de faim est plus faible seulement dans les séances d’exercice d’intensité élevée
(HIIE et HIIE-A) par rapport a la séance de controle. La surface sous la courbe de la ghréline acylée est plus petite dans la condition
HIIE-A comparativement a la séance de controle. La concentration de peptide YY, ;. est plus élevée chez les hommes que chez les
femmes et la concentration de cortisol est plus élevée chez les femmes que chez les hommes indépendamment de la condition. Méme
si les exercices d’intensité élevée favorisent une diminution un peu plus prononcée de I'appétit, on n’observe pas de différence de REI,
ce qui signifie que cette diminution ne suffit pas a modifier I'apport énergétique. [Traduit par la Rédaction]

Mots-clés : sexe, apport énergétique, hormones de I’appétit, faim, exercice intermittent d’intensité élevée.

Introduction

Exercise-induced energy deficit can be achieved through differ-
ent types of exercise (Thorogood et al. 2011). Typically, moderate-
intensity, continuous aerobic exercise is recommended to people
seeking to maintain or reduce their body mass (Garber et al. 2011).
However, high-intensity intermittent exercise has recently gained
popularity because of its benefits relating to improved physical

fitness (Helgerud et al. 2007) and body composition (Trapp et al.
2008; Panissa et al. 2016), in addition to which it can also be
executed in a short period of time (Gillen and Gibala 2014).

In 2008, Trapp et al. (2008) showed that a 15-week high-intensity
all-out intermittent cycling exercise (60 x 8s cycling sprints, 12-s
intervals) training program was more effective at reducing body
and fat masses (total and abdominal) than moderate-intensity con-
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tinuous exercise (60% of maximal oxygen uptake (VO,,,,.,)), equal-
ized in total caloric expenditure. The authors suggested the
postexercise acute appetite suppression as a possible mechanism
underlying the high-intensity intermittent exercise (HIIE), induc-
ing greater energy deficits and, consequently, greater fat loss than
moderate-intensity exercise. However, the evidence supporting
this is not consistent (Deighton et al. 2013a, 2013b).

Control of appetite and energy intake is a complex phenome-
non responsive to psychological, cultural, hormonal, and neural
factors. At the physiological level, appetite-regulating gut hor-
mones play a role as episodic mediators of hunger and satiation
(Woods 2009). PYY, ;. is a principal anorexigenic peptide, synthe-
sized and released from L-cells in the distal gastrointestinal tract
(Neary and Batterham 2009). Complementary to this, acylated
ghrelin is an orexigenic gut peptide produced in the stomach
(Patterson et al. 2011). While it is known that acute energy deficit
imposed by food restriction causes an increase in food intake, this
compensation does not occur when energy deficits are generated
by exercise (King et al. 2011). Actually, it is well-documented that
exercise decreases orexigenic peptide (acylated ghrelin) and in-
creases anorexigenic peptides (i.e., PYY; ;) (Schubert et al. 2014).
In addition, exercise can influence other hormones related to
appetite, such as cortisol and insulin (Begg and Woods 2013).

Although the hypothesis raised by Trapp et al. (2008) that HIIE
could have more effects on acute appetite suppression when com-
pared with moderate-intensity continuous exercise, few studies
have conducted this comparison and the results are inconsistent.
(Deighton et al. 2013a, 2013b; Sim et al. 2014; Martins et al. 2015).

The limitations in interpretation may be due to the lack of
standardization of protocols concerning physiological responses
(e.g., oxygen uptake (VO,) and heart rate) or mechanical parame-
ters (e.g., speed, power output) (Deighton et al. 2013a), the lack of
measurement of energy expenditure of exercise (Sim et al. 2014),
or energy expenditure estimated without measuring the VO,
throughout the exercise (Deighton et al. 2013b; Martins et al. 2015),
especially during HIIE when VO, demonstrates a kinetic variable
that can be influenced by many factors; among these duration and
intensity of pause (Buchheit and Laursen 2013). Furthermore, es-
timate of energy expenditure is an important variable that should
be calculated to reach the best value possible, given that relative
energy intake is dependent on this value, since the relative energy
intake is the absolute energy intake minus the energy expendi-
ture.

Considering the possibility of sex-related differences in appe-
tite, given that greater levels of acylated ghrelin and energy intake
and lower of levels insulin may occur in women in response to
short-term exercise, as opposed to men (Ebrahimi et al. 2013;
Hagobian et al. 2009), there are no studies involving the effects of
exercise intensity that compare men and women.

Thus, knowledge of the influence of intensity on postexercise
appetite is important for individuals engaged in physical activity
programs aimed at obtaining or maintaining an energetic deficit
and consequently the control and reduction of body mass. Accord-
ingly, this study aimed to investigate the effects of HIIE performed
in an all-out mode (60 x 8-s cycling sprints, 12-s intervals; similar
to the protocol used by Trapp et al. (2008)), fixed-intensity HIIE
(100% maximal aerobic power, MAP) and moderate continuous
exercise on energy intake, hunger scores, and hormone responses
(acylated ghrelin, PYY; 5., cortisol, and insulin) in men and
women. The main hypotheses of the present study were that the
more intense exercises would result in more pronounced altera-
tions in the direction of suppressing appetite and energy intake
and that women would present an exacerbated response in terms
of compensation for the energy expenditure from exercise, com-
pared with men.

Appl. Physiol. Nutr. Metab. Vol. 41, 2016

Materials and methods

Subjects

Eleven physically active men (age, 27 + 3 years; height, 178 *
8 cm; mass, 78.0 * 7.8 kg; body fat, 14.5% * 2.7%; peak oxygen
uptake (Vozpeak), 43.6 * 4.6 mL-kg-'-min~'; MAP, 285 + 50 W) and
9 women (age, 27 * 3 years; height, 164 + 8 cm; height, 61.8 + 7.6 kg;
body fat, 20.9% * 3.7%; VO,,eqo 36.2 * 4.6 mL-kg-min~’; MAP,
187 + 22 W) subjects participated in this study. The subjects were
recruited from university and fitness centers after an advertise-
ment of this investigation with flyers. Specific physical activities
of the participants included strength training, recreational
sports, cycling, or running (2-3 times per week). Participants were
included if they did not report any health problems and/or
neuromuscular disorders that could affect their ability to com-
plete the study protocol. Furthermore, all were free of any drug or
ingestion of nutritional supplements during the period of the
study and had stable body mass 6 months before study (5% of
body mass).

Using the effect size of the present study, and an « value of 5%,
a sample size of the present study has a 90% power of detecting a
difference between conditions and sex in relative energy intake
(this variable was considered the main dependent variable to cal-
culate power analysis). All procedures were approved by the
School of Physical Education and Sport, University of Sdo Paulo.
Participants took part voluntarily in the study after being in-
formed about the procedures, risks, and benefits and signed an
informed consent form. The women were tested in the follicular
phase (1 - 10 days after the onset of menstruation) of the men-
strual cycle; 6 women were on oral contraceptive regimens. The
follicular phase was checked by measuring the luteinizing hor-
mone, and there was no differences between conditions (F; 3 =
0.57; p = 0.558; 12 = 0.367; control: 4.0 £ 2.5, steady-state exercise
(SSE): 3.6 £ 2.0; HIIE: 5.0  2.5; high-intensity intermittent all-out
exercise (HIIE-A): 4.2 + 1.8).

Study design

Subjects completed 6 sessions (2 screening and 4 experimental)
separated by at least 72 h and a maximum of 1 week for men. For
women this interval was longer to allow the testing to be con-
ducted in the same phase of the menstrual cycle (they did 2 or
3 sessions per month). During the first session, anthropometric and
VO, .x and MAP (maximal intensity attained) test measurements
on a cycle ergometer were taken. In the second session, the par-
ticipants were submitted to an HIIE-A (60 x 8-s cycling sprints, 12-s
intervals) to determine the total work performed (kJ). This value
(kJ) was used to equalize the subsequent exercise sessions. After
this exercise the participants were familiarized with the buffet,
in which participants could feed ad libitum. The 4 experimental
sessions were applied in randomized order using a random draw
of numbers: (i) a control session in which participants did not
perform any kind of exercise; (ii) an SSE (60% of MAP); (iii) an
HIIE-A (maximum effort); and (iv) an HIIE (100% of MAP). All con-
ditions were followed by an ad libitum meal.

Although an all-out protocols has been considered to be an
efficient protocol to improve aerobic fitness and to reduce fat
mass (Trapp et al. 2008), this kind of exercise has particularities
that can make difficult its practical execution, because it is neces-
sary to utilize specialized equipment, such as a mechanical cycle
ergometer or treadmill, or to be performed outside. However, an
alternative protocol that has also shown positive results is the use
of fixed-intensity exercise based in maximum indexes (i.e., VO, ..
or maximum load attained in incremental test) (Gillen and Gibala
2014; Helgerud et al. 2007), but the comparison between protocols
has not been explored. In this way, we added an HIIE using fixed
intensity to compare the 2 main forms of prescribing high-intensity
exercise.
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Anthropometric measurements

Height was measured using a stadiometer with a metric scale
affixed to the floor, and body mass were measured using an elec-
tronic body-weight scale (precision 0.01 kg). Body fat percentage
was estimated via skinfold, circumferences, and bone diameter
measurement (Drinkwater and Ross 1980). Skinfold thickness
measurements were carried out using a Harpender plicometer
(John Bull British Indicators, England), 3 times at each point in a
rotation system (the median value was used), as described.

VO, pean test

The participants performed an incremental test to volitional
exhaustion on a cycle ergometer (Lode, Netherlands). The initial
load was set at 30 W and it was increased by 25 W-min~! for men
and 15 W-min~! for women. Cadence was set at 70 r-min-!, and
subjects were instructed to perform the test until they could no
longer continue. The test was finished when subjects could not
maintain the load for 5 s in the fixed cadence. Maximum effort
was confirmed by one or more of the following: a respiratory
exchange ratio = 1.1; 10 beats-min—! of predicted maximal heart
rate by age was reached; a Borg scale rating of >19 was reported by
the participants (Borg 1982). Strong verbal encouragement was
given during the test. VO, was measured (MetaMax 3B, Cortex,
Germany) throughout the test and the average of the last 30 s was
defined as VOzpeak. The maximal load reached in the test was
defined as the MAP. When the subject was not able to finish the
1-min stage, the power was expressed according to the perma-
nence time in the last stage, determined using the following:
maximal aerobic power = power of last stage completed + [(time,
in seconds, remaining in the last stage multiplied by 25 W)/60 s].

Volume equalization

To guarantee that the results obtained were related to the type
and intensity of exercise performed and not affected by the differ-
ences in exercise volume, total work performed was equalized
between the different exercises. In the second session the partic-
ipants performed the all-out exercise used by Trapp et al. (2008), in
which they cycled as fast as possible 60 times for 8 s interspersed
by 12 s of passive recovery (totaling 20 min). The load used was
4% (men) and 2.5% (women) of body mass. The work done in each
effort was registered and the sum of all the efforts was considered
the total work done (kJ). Thus, the reference volume done was
used to equalize other sessions.

Experimental protocol

Each experimental protocol started upon the arrival of the par-
ticipant at approximately 0800 h, and with the participant having
fasted for at least 10 h previously. A cannula was inserted in an
antecubital vein, then a fasting blood sample was taken (time =
zerof/baseline). After this, participants received a standardized
breakfast and serial blood samples were taken at regular intervals
for a period of 4 h (2, 2.5, 3.25, and 4 h), at the same time partici-
pants were asked to rate their subjective feeling of hunger. The
exercise was performed at approximately 2-2.5 h of the experi-
ment. After the 4-h period, an ad libitum buffet was offered. In all
rest intervals between collections, participants remained in the
laboratory and could bathe, read, or use the computer.

Exercise protocols

In all exercise sessions participants performed a warm-up at
50% MAP for 5 minutes, and after a 2-min interval they started the
exercise. VO, was measured during the whole exercise as was
lactate concentration to estimate the energy expenditure; more-
over, the heart rate was also registered during the whole exercise.
The VO, and heart rate were presented by the mean of whole
exercise and for its maximum indexes (%Vozpeak and maximal
heart rate).
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HIIE-A was the same used in the reference (control) session. To
ensure that the same reference volume in an all-out exercise was
performed, the total work was recorded. There were no differ-
ences relating to total work performed between the reference
sessions and the experimental sessions for women (p = 0.465;
intra-class correlation coefficient = 0.969 and limits of agreement
between -9 to 7 kJ), or men (p = 0.572; intra-class correlation 0.952
and limits of agreement between —11 to 12 kJ) (Bland and Altman
1986). The time spent on all protocol exercises was 20 + 0 min
(8 min of effort and 12 min of pause).

HIIE consisted of 1-min repetitions at MAP (70 r-min~!) separated
by 1-min of passive recovery on a cycle ergometer until the com-
pletion of the previously determined exercise. The time spent on
the exercise protocol was 17 + 2 min (9 min of effort and 8 min of
pause).

SSE consisted of cycling at 60% MAP (70 r-min~!) until the com-
pletion of the previously determined exercise. The time spent on
the exercise protocol was 19 * 2 min.

Standardized breakfast and ad libitum buffet meals

In the first experimental session, the subjects were instructed
to maintain their nutritional and hydration routines. Also, the
subjects were asked to record what they ate all day (prior to the
first experimental condition) in a food diary and further asked to
maintain the same food in other conditions. The energy intake of
the breakfast was fixed at 25% of the estimated daily energy needs
for each participant on a sedentary day (Mifflin et al. 1990). This
meal was composed of cheese, toast, and strawberry yogurt
(52% carbohydrate, 36% fat, and 13% protein).

In all experimental sessions, the participants could eat from a
cold buffet comprising various food types (cheese, ham, white
bread, whole-grain bread, toast, tomato, lettuce, carrots, tuna
paté, chips, orange and grape juice, soft drinks with and without
sugar, chocolate bars, chocolate yogurt, and apples). The buffet
was presented identically in all situations (the location of the food
on the table and amounts), which the participants ate in isolation
and ad libitum. All food was weighed (Toledo, modelPrix 3,
Mettler-Toledo, Inc., de Columbus, Ohio, USA) and the consump-
tion registered to calculate the energy intake. The evaluation of
energy intake was conducted using Creative Nutri 4.0 (Skopein
Sistemas, Brazil). To verify the energy intake and to compare all
experimental conditions, the absolute (only energy intake) and
relative (energy intake minus energy expenditure in exercise) val-
ues were calculated. Type of macronutrient intake was also calcu-
lated. One man was excluded from the analyses of energy intake
because he presented an outlier behavior (he ate 4 times more
than the mean of the men group in all conditions).

Subjective hunger scores

The hunger perception was evaluated through a validated vi-
sual analogic scale (Flint et al. 2000) of 10 cm in length with words
anchored at each end, expressing the higher (10 cm) and the lower
(0 cm) rating of hunger. Participants were instructed to make a
mark on the scale representing their feeling at the moment.

Exercise energy expenditure

To estimate the energy expenditure of all exercises the sum of
the contribution of the 3 energy systems (phosphagen, glycolytic,
and oxidative energy systems) was used (di Prampero and Ferretti
1999). Estimates of oxidative, glycolitic, and phosphagen system
use were carried out through the measurement of VO, during
activity, peak blood lactate concentration, and the fast phase of
excess VO, after exercise, respectively. Oxidative energy system
was estimated by subtracting VO, of rest from VO, during the
exercise by the trapezoidal method (a method used to calculate
the area under the curve (AUC) to estimate the integral). The phos-
phagen system contribution was estimated considering the VO,
during the fast phase of excess VO, after exercise (Beneke et al.
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2004). In the present study, we fitted the kinetics of postexercise
VO, to bi- and mono-exponential models and observed that the
slow component of the bi-exponential model was negligible.
Thus, the postexercise breath-by-breath VO, data were fitted to a
mono-exponential model and was obtained by calculating the in-
tegral of the exponential part (Origin 6.0, Microcal, Mass., USA).
The participation of the glycolitic system was calculated using
delta of lactate (peak lactate concentration after the exercise, mi-
nus the lactate concentration at rest), assuming that the accumu-
lation of 1 mmol L blood lactate concentration is equivalent to
3 mLO,-kg™ of body mass (di Prampero and Ferretti 1999). The
caloric quotient of 20.92 KJ (Gastin 2001) was used in all 3 different
energy systems.

Blood analyses

The blood samples (15 mL) were immediately allocated into two
5 mL vacutainer tubes (Becton Dickinson, BD, Sdo Paulo, Brazil)
containing ethylenediaminetetraacetic acid for plasma separa-
tion and into one 5-mL dry vacutainer tube for serum separation.
The tubes were centrifuged at 2500g for 12 min at 4 °C, and plasma
and serum samples were stored at —80 °C until analysis. To elim-
inate inter-assay variance, all samples were analyzed in identical
runs, resulting in an intra-assay variance of <7%. Glucose was
assessed through commercial enzymatic kits (Labtest, Lagoa
Santa, Brazil). Serum cortisol and acylated ghrelin were assessed
using EIA commercial kits (Cayman Chemical, Ann Arbor, Mich.,
USA). Serum PYY (3-36) was quantified using RIA commercial kits
(Phoenix Pharmaceuticals, Calif., USA). A woman presented prob-
lems with cannulisation and her blood analyses were excluded.

Statistical analysis

The data was analyzed using the Statistical Package for Social
Sciences 18.0 (SPSS Inc., Chicago, I1l., USA) and presented as mean
and standard deviations. For all measured variables, the estimated
sphericity was verified according to Mauchly’s W test, and the
Greenhouse-Geisser correction was used when necessary. The
subjects’ characteristics and work done in all-out exercise were
compared through unpaired Student’s t tests. The comparison of
the energy expenditure, VO,, heart rate in the exercise protocols,
and absolute and relative energy intake in the different condi-
tions was conducted through a 2-way ANOVA (sex and condition)
with repeated measurements in the second factor. The compari-
son of the macronutrient intake in the different conditions was
conducted through 3-way ANOVA (sex, condition, and type of ma-
cronutrient) with repeated measurements of the second and third
factors. The hunger scores and blood variables in the different
conditions were compared through a 3-way ANOVA (sex, condi-
tion, and time) with repeated measurements of the second and
third factors. In addition, the AUC was calculated for blood vari-
ables and hunger (AUC,,,,,) SCOTes using the trapezoidal method
and through a 2-way ANOVA (sex and condition) with repeated
measurements of the second factor was used. When a significant
difference was observed, a Bonferroni post hoc test was applied.
The correlation between variables was verified through Pearson
correlation coefficient. The effect size (eta-squared; n?) of each test
was calculated for all analyses. Statistical significance was set at
p < 0.05.

Results

Exercise responses

For the total work done (t =-6.82; p < 0.001; 2 = 0.739), the men
presented higher total work done (145.6 * 25.5 kJ) than did the
women (82.0 + 12.3 KJ).

For %VOZpezlk during exercises (Table 1) there was a main effect
for condition (Fj 36 = 10.06; p < 0.001; m*> = 0.358), with higher

96VO,peq in HIIE-A than HIIE (p < 0.001) and SSE (p = 0.003) exer-
cises.

Appl. Physiol. Nutr. Metab. Vol. 41, 2016

Table 1. Oxygen uptake in percentage to peak values in
high-intensity intermittent all-out exercise (HIIE-A), high-
intensity intermittent exercise (HIIE), and steady-state exercise
(SSE) conditions in men and women.

Men (n=11) Women (n=9) All (n=20)

Mean %VO0, .

HIIE-A* 73.516.9 74.8%13.3 74.1+10.0

HIIE 64.7%5.9 64.413.9 66.018.8

SSE 68.418.1 63.219.3 64.615.0
Mean %HR .,

HIIE-A* 89.0%4.7 87.4%4.,6 88.314.6

HIIE 83.716.1 84.316.2 84.0%6.0

SSE 81.916.2 81.615.5 81.8%5.7

Note: Values are means and standard deviation. %HR,,,..,., percent-
age of maximal heart rate; %V02peak, percentage of peak oxygen up-
take.

*Different from HIIE and SSE (p < 0.05).

For maximal heart rate percentage during exercises (Table 1),
there was a main effect for condition (F, 35, =10.89; p < 0.001; 12 =
0.377), with higher maximal heart rate percentage in HIIE-A than
HIIE (p = 0.012) and SSE (p < 0.001) exercises.

For energy expenditure during exercises (Table 2), there was a
main effect for condition (F, 3¢ = 14.75; p < 0.001; n? = 0.450), with
higher energy expenditure in HIIE-A than HIIE and SSE exercises
(p < 0.001 for both comparisons). There was also a main effect for
sex (F; 15 = 52.76; p < 0.001; ? = 0.745), with higher energy expen-
diture in men than in women (p < 0.001).

Ad libitum energy intake and macronutrient composition

For absolute energy intake (Table 3), there was a main effect for
sex (K 17 = 6.29; p=0.022; m? = 0.270), with higher absolute energy
intake in men than in women (p = 0.022). For the relative energy
intake (Table 3), there was a main effect for condition (F 45 =
11.96; p < 0.001; m? = 0.413), with higher relative energy intakes in
the control than in the HIIE-A, HIIE, and SSE conditions (p < 0.001
for all comparisons).

For macronutrient intake (data not shown), there was a main
effect of type of macronutrient intake (F; , 19 o = 136.1; p < 0.001;
m? = 0.889), with lower protein intake than carbohydrate and fat
(p < 0.001 for both comparisons), and higher carbohydrate intake
than fat (p < 0.001).

Subjective ratings of hunger

For subjective hunger ratings (Fig. 1) there was a main effect for
condition (F, 5 4, o= 4.74; p = 0.010; > = 0.208), with lower subjec-
tive hunger ratings in HIIE (p = 0.034) and HIIE-A (p = 0.043) than
the control condition. There was also an effect of time (F, o 39 7 =
76.65; p < 0.001; n2 = 0.809), increasing over time, with lower
subjective hunger ratings at 2 h than at 3.15h and 4 h (p < 0.001 for
both comparisons), lower at 2.5 h than at 3.25h and 4 h (p < 0.001
for both comparisons), and lower at 3.25 h than at 4 h (p < 0.001).
For AUC) ,ger Tatings there was a main effect of condition
(F2.0,36.5) = 4-30; p = 0.020; m?* = 0.228), with lower values in HIIE
(p = 0.023; 484.1 + 197.5 cm-min~), and HIIE-A (p = 0.038; 505.3 *
229.8 cm-min~) than in the control condition (672.3 + 248.6 cm-min™).

Hormones and glucose

For acylated ghrelin (Fig. 2) there was just a main effect of time
(Fla,68) = 24.3; p < 0.001; m* = 0.588), with higher values in the
baseline state than at 2 h, 2.5 h, and 3.25 h (p < 0.001 for all
comparisons), lower at 2 h than at4 h (p <0.001), and lowerat2.5h
than 3.25 h (p=0.034) and 4 h (p < 0.001). For ghrelin AUC (AUCgpejin)
there was a main effect of condition (F, 5o;, = 27.0; p = 0.020; m?* =
0.182), with lower values in HIIE-A (80.9 + 40.3 ng-mL-1min™) than
in the control condition (p = 0.029; 109.2 * 57.0 ng-mL-'-min™).

For PYY; 4 (Fig. 2) there was just a main effect of sex (F; ;6 = 8.55;
p=0.009; n?=0.348), with higher values in men than women (p = 0.009).
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Table 2. Energy expenditure (kJ) during high-intensity inter-
mittent all-out exercise (HIIE-A), high-intensity intermittent ex-
ercise (HIIE), and steady-state exercise (SSE) in men and women.

Total energy expenditure (kJ)

Men (n = 11)* Women (n=9) All (n = 20)
HIIE-AT 9451208 6501165 8051238
HIIE 8151149 469156 6511209
SSE 8621127 470157 6761224

Note: Values are means and standard deviation.
*Men different from women (p < 0.001).
tDifferent from HIIE and SSE (p < 0.05).

Table 3. Absolute and relative energy intake (kJ) in high-intensity
intermittent all-out exercise (HIIE-A), high-intensity intermittent ex-
ercise (HIIE), steady-state exercise (SSE), and control conditions in men
and women.

Men (n=10)* Women (n=9) All (n=19)

Absolute energy intake (kJ)

HIIE-A 51551642  3432*1016 433911608
HIIE 458211850 35931935 41131535
SSE 494811621 31091986 407711624
Control 4913+1826 3221770 4111+1638
Relative energy intake (KJ)
HIIE-A 4210%1747 278211041 353311595
HIIE 376711902 31261926 346311516
SSE 40871679 26361999 3400£1551
Control 4913+1826 3221770 4111+1638*

Note: Values are means and standard deviation. Relative energy intake is
absolute energy intake minus energy expenditure from exercise.

*Different from women (p < 0.05).

TDifferent from HIIE-A, HHIE, and SSE (p < 0.05).

For AUC,,y 56 there was also a sex effect (F; ;5 = 6.18; p = 0.024; 1 =
0.270), with higher values in men (27970.2 * 1636.0 pg-mL'min™)
than women (p = 0.024; 25612.6 + 2832.1 pg-mL'-min).

For glucose (Fig. 3) there was just a main effect of time (F, 4 4; 3=
8.63; p < 0.001; 2 = 0.336), with lower values in the baseline state
than at 2.5 h (p < 0.001), and lower at 2 h than at 2.5 and 3.25 h
(p < 0.001 for both comparisons). There were no differences for
glucose AUC.

For insulin (Fig. 3) there was a main effect of time (F 55}, = 22.44;
p < 0.001; 2 = 0.569), with lower values when baseline than at2 h
(p <0.001) and 3.25 h (p = 0.013), higher at 2 h than at 2.5, 3.25, and
4 h (p < 0.001 for all comparisons), higher at 2.5 than at 4 h
(p=0.026), and higher at 3.25 than 4 h (p = 0.026). There was also an
interaction between condition and time (Fj4 g g4 o) = 1.98; p = 0.027;
m? = 0.104), with higher values in HIII-A than control conditions at
3.25 h (p = 0.019), and lower values in SSE than control conditions
at 2.5 h (p = 0.007). There were no differences for AUC; ¢ -

For cortisol (Fig. 4) there was a sex main effect (F; ;, = 13.86;
p = 0.001; 2 = 0.449), with lower values in men than women
(p=0.001), and time effects (Fy 5= 8.83; p < 0.001; 12 = 0.341), with
higher values when baseline than at 2 h (p = 0.001), 3.25 h
(p=10.001) and 4 h (p < 0.001). There was also interactions between
condition and time (Fj;5 504 = 2.62; p = 0.002; 1? = 0.133) with higher
values in HIIE-A than the control condition at 2.5 h (p = 0.019). For
cortisol AUC there was a main effect of sex (F; ;, = 14.68; p = 0.001; n? =
0.463) with higher values in women (8499.4 * 4065.5 pg-mL7'min™)
than men (p = 0.001; 3354.3 * 1377.1 pg-mL1min).

Correlations

There was a correlation between the absolute energy intake and
AUCynger 10 all conditions involving exercise: HIIE-A (r = 0.504;
p =0.033); HIIE (r = 0.532; p = 0.023); and SSE (r = 0.493; p = 0.038).
Furthermore, the same occurred with the relative energy intake
and AUC,pger HIIE-A (r = 0.534; p = 0.023); HIIE (r = 0.601;
p =0.008); and SSE (r = 0.541; p = 0.020).
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Discussion

The main finding of the present study was that relative energy
intake was lower in the 3 exercises than the control conditions
and no differences were observed in relative energy intake be-
tween the exercises or sexes. On the other hand, hunger scores
were lower only in the exercises performed at higher intensity
(HIIE and HIIE-A) compared with the control condition without
effects of sex. AUC, e1in Was lower only in the HIIE-A conditions
when compared with the control, showing that although hor-
monal and perceptive modifications for directing the suppression
of appetite were more pronounced in the HIIE and HIIE-A, relative
energy intake did not differ between the exercise protocols.

Although 3 types of exercise were equalized for total work
done, the energy expenditure was different, with higher values in
the HIIE-A than the SSE or HIIE. The higher energy expenditure in
the HIIE-A can be explained by more elevated VO, during this
exercise. This occurred because the efforts were performed at
high intensity and the short period of pause between efforts (12 s)
did not permit a significant reduction in VO, during the recovery
periods and consequently the VO, and energy expenditure were
greater when compared with the other protocols (Christmass
et al. 1999; Franchini et al. 2013). The same occurred in maximal
heart rate percentage since those values were greater than not
only the SSE protocols but also the HIIE.

The quantification of energy expenditure is a very important
variable in studies aimed at analyzing the effects of exercise on
relative energy intake. Therefore, it is extremely important that
the estimate for this variable be performed using methods that
consider oxygen uptake during the exercise session (mainly in
HIIE, which comprises many variations in VO,). Moreover, to ob-
tain the best estimate possible, this quantification should con-
sider the 3 energy systems to attain a more complete estimate,
particularly when more than 1 exercise protocol is involved.
Schubert et al. (2013) published a meta-analysis and reported a
great range in energy expenditures in this kind of study (335 to
6500 kJ), showing that the studies that estimated energy expendi-
ture may have over- or underestimated the energy expenditure
during exercise, which could limit the interpretation of the out-
comes.

With respect to effect of intensity, we found similar outcomes
to Deighton et al. (2013b), as alterations in the direction of sup-
pressing appetite were more pronounced in high-intensity exer-
cises, without alterations in energy intake. These authors used
energy-matched continuous (60 min at 60% VO,,,,,.,) and HIIE (10 x
4:2 min at 85%-95% VO,,..,), and found that the HIIE had a pro-
nounced effect on appetite suppression (hunger, satisfaction,
fullness, and prospective food consumption). Appetite was sup-
pressed up to the completion of exercise in the HIIE trial com-
pared with the control trial. Moreover, plasma PYY; ;. was higher
in the HIIE when considering the total trial (8 h) than in the
control condition. Neither difference was found between the con-
trol and SSE. Unfortunately, the authors did not measure acylated
ghrelin. We did not observe effects on PYY, ¢, but it should be
highlighted that the protocols used in the present study were
3 times lower in terms of external work, energy expenditure, and
time spent.

In the present study the AUCg,e1in, Was lower in the HIIE-A
compared with the control, and this alteration was not observed
in the SSE or HIIE. This may have occurred because of the greater
intensity (%VOzpeak) but as the energy expenditure in the HIIE-A
was greater we cannot discard that it could have occurred because
of energy expenditure, and this relation it is not well defined in
the literature. Alterations in blood glucose could help to explain
alterations that occur because of exercise protocol since it can act
peripherally and centrally to affect appetite regulation (Begg and
Woods 2013), but we did not observe this change when conditions
and sex were compared.
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Fig. 1. Subjective hunger ratings (A and B for men and women, respectively) in high-intensity intermittent all-out exercise (HIIE-A), high-
intensity intermittent exercise (HIIE), steady-state exercise (SSE), and control conditions across time (2, 2.5, 3.25, and 4 h) in men and women.
Data are means * standard deviation. *, Different from HIIE-A and HIIE (p < 0.001); , different from 3.25 and 4 h (p < 0.05); 1, different from

4h (p <0.05).
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Fig. 2. Acylated ghrelin (A and B for men and women, respectively) and PYY,_;, (C and D for men and women, respectively) in high-intensity
intermittent all-out exercise (HIIE-A), high-intensity intermittent exercise (HIIE), steady-state exercise (SSE), and control conditions across time
(2, 2.5, 3.25, and 4 h) in men and women. Data are means * standard deviation. *, Different from 2, 2.5, and 3.25 h (p < 0.001); , different from
4 h (p < 0.05); 1, different from 3.25 and 4 h (p < 0.05); §, different from women (p < 0.05).
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In addition, there was a pronounced cortisol at 2.5 h (immediately
postexercise) and insulin response at 3.25 h (45 min postexercise) in
the HIIE-A compared with the control. It is known that during
exercise the hypothalamic-pituitary—-adrenal (HPA) axis is stimu-
lated mainly to mobilize energy (Hill et al. 2008). The activation of
the HPA axis is needed to stimulate corticotropin-release factor
(CRF) in the hypothalamus, and CRF may be a candidate for the
shortterm suppressive effect of exercise on energy intake (Kawaguchi
et al. 2005). The higher levels of insulin 45 min postexercise could
have occurred to restore glycogen stores (Jentjens and Jeukendrup
2003); however, it is known that this hormone is an important
anorexigenic (Begg and Woods 2013). Therefore, the more pro-
nounced elevated values for cortisol, insulin, and lower AUC of
acylated ghrelin concentrations in the HIIE-A compared with the
control condition demonstrated that the HIIE-A induced a more
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pronounced anorexigenic effect and that it occurred by different
ways.

Nevertheless, despite the alterations in hunger, acylated ghre-
lin, insulin, and cortisol between exercises, the relative energy
intake between exercises was not affected. Other studies found
similar outcomes, i.e., alterations in appetite and gut hormones
without alterations in energy intake (Deighton et al. 2014; Kawano
et al. 2013). In the present study, alteration promoted by exercise
mainly occurred immediately postexercise and the ad libitum buf-
fet was only provided 90 min after the exercise. The longer time
between these more pronounced alterations and the ad libitum
buffet could explain the lack of differences between the exercise
protocols. This justification is reinforced by a recent study that
showed that relative energy intake was inferior when the exercise
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Fig. 3. Glucose (A and B for men and women, respectively) and insulin (C and D for men and women, respectively) in high-intensity
intermittent all-out exercise (HIIE-A), high-intensity intermittent exercise (HIIE), steady-state exercise (SSE), and control condition, and in
the different time trials (2, 2.5, 3.25 and 4 h) for men and women. Data are means * standard deviation. *, Different from 2.5 h (p < 0.05);

T, different from 2.5 and 3.25 h (p < 0.05); i, different from 0, 2.5, 3.25, and 4 h (p < 0.05); §, different from 2.5 and 3.25 h (p < 0.05);
condition different from HIIE-A at 3.25 h and from SSE at 2.5 h (p < 0.05).
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Fig. 4. Cortisol (A and B for men and women, respectively) in the high-intensity intermittent all-out exercise (HIIE-A), high-intensity
intermittent exercise (HIIE), steady-state exercise (SSE), and control condition across time (2, 2.5, 3.25, and 4 h) in men and women. Data are
means * standard deviation. *, different from 2, 2.5, 3.25, and 4 h (p < 0.05); T, HIIE-A different from control (p < 0.05); I, different from

women (p < 0.05).
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session was performed immediately prior to the meal compared
with the condition after a 2-h delay (Albert et al. 2015).

However, the complex nature of appetite regulation involves
other factors that are beyond the analysis of the present study,
such as hedonic signals and gastric emptying that also play a role
in postexercise appetite (Crabtree et al. 2014;Evero et al. 2012;
Horner et al. 2015), the latter being affected by intensity (Horner
et al. 2015), which can delay gastric emptying, which in turn can
contribute to suppressing appetite (Janssen et al. 2011).

With respect to differences in men and women, our results
corroborate with Hagobian et al. (2013) and Cadieux et al. (2014),
who analyzed acute responses in men and women and found
lower relative energy intake after exercise compared with the
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control, regardless of sex. Therefore, our data reinforce that
women do not compensate for energy expenditure in exercise any
more than men, and this was also observed at different intensi-
ties, at least in this kind of population. However, in should be
considered that in the present study and in the study of Hagobian
et al. (2013) and Cadieux et al. (2014), the women performed the
experimental sessions during the follicular phase and these re-
sults are limited to this phase of the menstrual cycle and to a
specific population of physically active, eutrophic individuals.
With respect to sex differences, we observed only a main effect
for PYY, ., (women lower than men) and cortisol (women higher
than men), independent of condition (exercise or control). Higher
cortisol in women can be explained by the use of oral contracep-
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tives (Boisseau et al. 2013), which increases free cortisol levels.
With respect to PYY, few studies have examined the effects of
sex on PYY; ;4 concentrations and the results are contradictory
(Cahill et al. 2014; Kim et al. 2005), but further investigations
should be conducted to understand the effects of these differ-
ences on postexercise appetite.

Concerning individual variability we observed that the majority
of participants presented an energy deficit (16 of 19 in HIIE-A; 15 of
19 in HIIE; 17 0of 19 in SSE) and the subjects that had compensatory
intakes were different. Thus, we were not able to identify partic-
ipants who presented a consistent increase in energy intake or
any correspondence with any variable that could help to explain
this behavior.

As a limitation, both women taking and not taking oral contra-
ceptives were included in the study. It is known that the effects of
the menstrual cycle on appetite and food intake do not appear to
differ depending on contraceptive use (Tucci et al. 2010); there-
fore, we believe that this factor has a minor effect on our results.
However, in relation to women, the longer time taken for data
collection occurred as some women performed only 2 sessions per
month and consequently prolonged the tests for 2 or 3 months to
complete 6 sessions. Two participants took a shower postexercise
and water immersion can influence appetite postexercise (Halse
et al. 2011), although we believe that this also has a minor effect on
outcomes, given that only 2 participants took a shower and a
shower does not comprise water immersion.

Moreover, future studies can manipulate the time of exercise
regarding proximity of buffet meal in function of intensity to
verify if the modifications generated by intensity can affect en-
ergy intake, since we had a time window of 90 min between
exercise and energy intake and it seems that the anorexigenic
effect of exercise is more pronounced when exercise is done im-
mediately before buffet meal. This experimental design could
help to understand if physiological and perceptive modifications
are able to modify energy intake behavior.

In conclusion, none of exercise protocols generated a compen-
satory increase in energy intake in men and women; the acylated
ghrelin and hunger perception were more suppressed and cortisol
and insulin were more elevated in the HIIE-A compared with the
control, regardless of sex. Although there were little modifica-
tions in hunger scores and hormones in direction to suppress
appetite promoted by high-intensity exercises, there was no dif-
ferences in relative energy intake, showing that these alterations
were not sufficient to interfere in energy intake. Thus, our find-
ings reinforce the notion that the regulation of energy intake is
very complex, and that appetite hormones did not have a major
impact on acute energy intake in the present study.
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