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Abstract: This study investigated the effect of high-intensity interval (HIIE) and moderate-intensity
continuous exercise (MICE) on glucagon-like peptide 1 (GLP-1), appetite and energy intake (EI) in
obese men. In a randomized crossover trial, 12 participants (28.4 ± 2.6 years, 35.5 ± 4.5 kg/m2,
39.8 ± 2.2% body fat) performed: (I) Control (CON, no exercise); (II) MICE (20 min, 70% of maximal
heart rate) and (III) HIIE (10 × 1 min at 90% of maximal heart rate with 1 min recovery). GLP-1 and
appetite were assessed at: (I) PRE: pre-exercise; (II) POST: immediately post-exercise; (III) POST-1 h:
1 h post-exercise. EI was assessed after an ad libitum meal offered 1 h post-exercise and over 24 h.
There was a significant time × condition interaction for GLP-1 (p = 0.035). Higher GLP-1 levels in
MICE vs. CON (p = 0.024) and a trend for HIIE vs. CON (p = 0.069) POST-1h was found. Hunger
was reduced immediately post-HIIE compared to CON (p < 0.01), but was not sustained POST-1 h
(p > 0.05). EI did not differ between the sessions 1 h post-exercise or over 24H (p > 0.05). In summary,
although MICE increased GLP-1 levels POST-1h and HIIE induced a transient reduction in hunger,
both exercise protocols did not impact EI in obese men.

Keywords: obesity; high intensity interval exercise; hunger; compensation; gastrointestinal hormones;
energy intake; T0; T30 and T90 min; respectively

1. Introduction

Obesity is characterized as an excessive fat accumulation and is considered one of the main factors
responsible for an increased incidence of metabolic dysfunctions, such as insulin resistance and chronic
low-grade inflammation [1]. The prevalence of obesity has increased considerably in recent years,
resulting in a global public health problem [2]. Therefore, the implementation of weight-loss-promoting
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practices such as physical exercise and diet are important cornerstones to reduce cardiometabolic risk
associated with obesity [3,4].

Appetite responses should be considered for weight loss, since appetite and food intake are
regulated at the physiological level in the neuroendocrine system, in which gastrointestinal hormones
(including GLP-1) interact with the central nervous system, mediating the episodes of hunger and
satiety [5]. More specifically, GLP-1 is an anorexigenic hormone secreted by Intestinal L cells which
influence gastric emptying, insulin secretion and satiety signaling [6].

Therefore, evidence suggests that a single session of aerobic exercise may promote changes in
gastrointestinal hormones, inducing a transient suppression on appetite and energy intake; an effect
known as exercise-induced anorexia (EIA) [7,8], and the magnitude of these responses may occur in an
intensity-dependent manner [9–11]. In addition, a recent meta-analysis showed a mean effect for acute
moderate to vigorous exercise to increase GLP-1 levels in normal-weight individuals [12], but these
findings cannot be applied to an obese population.

Recently, high intensity interval exercise (HIIE) has been considered an alternative approach
to traditional moderate-intensity continuous exercise (MICE) training to improve cardiometabolic
health in overweight and obese individuals [13,14]. HIIE is characterized by relatively short bouts
of high-intensity exercise (i.e., 80–100% of maximal heart rate) interspersed by recovery periods [14].
This modality can reduce waist circumference, resting heart rate and systolic and diastolic blood
pressure and increase cardiorespiratory fitness in overweight and obese individuals [13,14]. However,
the effects of HIIE on appetite responses and energy intake in obese individuals are less known and
controversial. For example, SIM et al. [9] showed that HIIE (30 min, 60 s at 100% VO2peak and 240 s
at 50% VO2peak) and sprint interval exercise (30 min, 15 s at 170% VO2peak and 60 s at 32% VO2peak)
suppressed energy intake after exercise in overweight-obese men. On the other hand, Martins et al. [15]
found no difference in appetite perception and energy intake after MICE (30 min at 70% HRmax) and
HIIE (20 min, 8 s “all out” and 12 s at active recovery) in obese subjects, which makes these findings
still lacking.

Therefore, the purpose of this study was to determine the effect of different exercise intensities
(MICE and HIIE) on GLP-1, appetite and energy intake in obese sedentary males. Our initial hypothesis
was that a greater EIA (increased satiety and GLP-1 concentration, reduced hunger and energy intake)
may occur in HIIE compared to MICE.

2. Material and Methods

2.1. Study Design and Subjects

This is a randomized controlled crossover trial involving obese males (Body Mass Index-BMI:
30–39.9 kg/m2), aged between 22 and 41 years, previously sedentary and not using any drugs. Active
smokers and patients with overt hypothyroidism, diabetes mellitus, grade 3 obesity (BMI ≥40 kg/m2),
arterial hypertension, anemia, active infection or cancer were excluded. Participants were recruited
from an invitation disclosed in university settings, e-mails and online social networks in the city of
Natal, Brazil.

For sample size calculation, a statistical power analysis a priori was conducted considering the
analysis of variance being used in the GLP-1 concentration (two-way repeated measures ANOVA),
with an estimated effect size of 25% (considered middle-sized), statistical power 1-β of 80%, and an
alpha of 5%. The sample size required for the study was 12 participants (G*Power, version 3.1.9.2;
Institute for Experimental Psychology in Dusseldorf, Germany).

The present study was conducted in accordance with the Declaration of Helsinki, and all
procedures involving human subjects/patients were approved by the Research Ethics Committee of
Federal University of Rio Grande do Norte (Protocol No. 976.389/2015). Written informed consent was
obtained from all subjects. The trial has been registered in a Brazilian clinical trials platform (ReBEC,
No. RBR-62kr6f).
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2.2. Procedures

The volunteers attended the laboratory at 8 a.m. after 12 h of overnight fasting and remained there
for the next 3 h. All participants performed a total of four visits until completing the survey. At the
first visit for familiarization and baseline measures, fasting blood sampling, resting blood pressure [16]
by oscillometric method (HEM-7200, Omron, Hoffman States, IL, USA) and anthropometric assessment
were performed, followed by an incremental test (RT250, Movement®, Pompeia, Brazil) to determine
the maximal treadmill velocity (MTV) and maximum heart rate (HRmax) in the experimental sessions.
On the following visits, the volunteers randomly underwent three experimental conditions: (1) MICE
(20 min, 70% HRmax); (2) HIIE (10 × 60 s, 90% HRmax + 60 s, 30% HRmax); or (3) control session
without exercise (CON). Each session was interspaced by one week. Participants registered their food
consumption 24 h before the first experimental session and were instructed to consume the same
foods and not exercise 24 h prior to each subsequent session. Figure 1 illustrates the flowchart of
experimental sessions.
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to exercise; exercise session; 60 min of recovery; Ad libitum meal; Estimated food record. HR: heart rate;
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2.3. Anthropometric and Body Composition Assessment

The following anthropometric measurements were assessed: body mass and height for calculating
of BMI and classification of nutritional status according to WHO [17]. Body mass was measured on
a digital scale (BC 553, Tanita®, Arlington Heights, IL, USA) with a maximum capacity of 150 kg and
precision of 100 g, with the individual barefoot and wearing light clothes. A portable stadiometer with
an accuracy of 1 mm (Personal Caprice Portatil, Sanny®, São Bernardo do Campo, SP, Brazil) was used
to measure height with the individuals in the Frankfurt position. Double-energy X-ray absorptiometry
(DEXA) was also analyzed (GE, Medical Systems, Chicago, IL, USA), and the participants were
instructed to avoid diuretics and caffeinated beverages the day before the evaluation.

2.4. Biochemical Measurements

In the first visit, the following biochemical measurements were performed to characterize the
participants after 12 h fasting: glucose, total cholesterol, high-density lipoprotein (HDL-cholesterol),
low-density lipoprotein (LDL-cholesterol), very low-density lipoprotein (VLDL-cholesterol) and
triglycerides. Biochemical markers were determined by colorimetric methods, using commercially
specific kits (Doles® kit, São Paulo-SP, Brazil). LDL-cholesterol was calculated by the Friedewald
formula [18] and VLDL-cholesterol was calculated considering triglycerides dividing by 5. During the
experimental sessions, total GLP-1 was assessed at three time points: PRE: pre-exercise, 1 h after
standardized meal; POST: immediately post-exercise; POST-1 h: 1 h post-exercise. GLP-1 was assessed
by enzyme immunoassay with specific kits (Sigma Aldrich®, St. Louis, MO, USA). During each blood
collection, 10 mL were withdrawn from a vein in the antecubital region by a trained professional.
The blood was subsequently centrifuged for 15 min at 3600 revolutions per minute. The serum
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was separated into 200 microliter aliquots and stored at −80 ◦C for further analysis. For lactate
determination after exercise, the tip of the individual’s finger was sanitized with a 70% alcohol
solution and then pierced with a disposable lancet immediately after HIIE and MICE. Approximately
25 µL of blood were collected and analyzed on a specific portable monitor (Accutrend Plus®,
Roche, Switzerland).

2.5. Maximal Graded Exercise Test

The participants performed a warm-up on a treadmill (RT250, Movement®, Pompeia, Brazil)
at a speed of 2.0 km/h for three minutes. Then they started the incremental test at a speed of 3.0 km/h
and increments of 1.0 km/h every minute until voluntary exhaustion. The MTV was considered as
the highest velocity sustained by a full stage of one minute [19–21]. Heart rate (HR) was monitored
during the test using a HR monitor (RS800CX, Polar®, Kempele, Finland) and recorded at the end of
each minute. The highest HR value observed during the test was considered as the HRmax. Subjective
perceived exertion (SPE) was also monitored during the test and recorded at the end of each minute
according to the Borg scale 6–20 [22]. The test end was determined by the presence of at least one
of the following criteria: (i) HR ≥ 100% estimated for age; (ii) SPE > 18; or (iii) when participants
voluntarily stopped [23].

2.6. Standardized Meal

After a 12-h fasting period and prior to each experimental session, the participants consumed
a standardized liquid meal (Mass Titanium®, Max Titanium, Matão, Brazil) 60 min prior to the
exercise sessions and control. The commercial product was powdery, and it was reconstituted in
water to provide 4.5 kcal × body weight (kg) to each participant. According to the manufacturer,
each 100 g of powder has 377 kcal (87.5% of carbohydrates, 11.2% of proteins and 1.3% of
lipids). The offered meal met the nutritional recommendations for pre-exercise calorie amount and
macronutrient distribution [24].

2.7. Experimental Sessions

The MICE session consisted of 20 min at 65–75% peak HR performed continuously, which is the
exercise intensity recommended as moderate by the American College of Sports Medicine physical
activity guidelines [25]. The participants performed a 3 min warm-up at 4 km/h before both exercise
sessions, and a 2 min cool-down at the same speed after the exercise sessions. Low-volume HIIE
was performed in a 1:1 “effort-recovery”. The participants performed 10 × 1 min work bouts at
90% of their individual MTV reached on the maximal graded exercise test, interspersed by 1 min of
active recovery at 30% of MTV (i.e., slow walking). This low-volume HIIE model on a treadmill was
previously published by our research group [18–20]. HR was continuously recorded throughout the
exercise sessions (Polar Electro®, Oy, Finland). In addition, whole-body rating of perceived exertion
(RPE) was assessed using the RPE 6–20 Borg scale [22] during the last 10 s of each minute during
both HIIE and MICE. In the control session, the participants remained in a seated position for 25 min
and they were allowed to read and use electronic devices such as a tablet, computer or smartphone.
The participants were instructed to abstain from moderate and vigorous physical activity and alcohol
intake for the 24 h before the experimental sessions, and to maintain their normal eating habits and
a good sleeping pattern.

2.8. Subjective Appetite Perception

Subjective appetite perception was performed in experimental conditions and control at three
time points: PRE, POST and POST-1 h. The appetite perception measurements were recorded through
a visual analogue scale that involves four aspects: hunger, satiety, fullness and perspective of food
consumption (PFC). This scale is valid and reproducible for assessing appetite perception [26,27].
The scale consists of four 100-mm horizontal lines which point out the appetite perception, with little
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or no perception on the right side and the opposite perception on the left extremity. Participants were
instructed to mark a vertical line at the point where their perception approached.

2.9. Ad Libitum Meal

The ad libitum meal was offered one hour after the experimental sessions in a reserved room.
Food was offered as a “buffet” and participants were invited to eat “until they felt comfortably
satisfied”. The following food options were part of this buffet: apples, bananas, toast, natural yogurt,
potato chips, chocolate, fruit juice, boiled eggs, jam and butter (Appendix A). The food options were
weighed before and after consumption and dietary intake was performed with food analysis software
(Dietwin Profissional® version 2016, Porto Alegre, RS, Brazil). The selected foods presented in the
ad libitum meal were chosen according to the Brazilian population’s food guide [28], which establishes
guidelines for a healthy and adequate diet considering social, economic and cultural aspects of each
region of Brazil.

2.10. Estimated Food Record

An estimated food record was applied to evaluate energy intake over 24 h. Therefore,
the participants described all foods consumed and their respective amounts on forms throughout
the day in each experimental session according to standard nutritional assessment protocols [29].
Detailed data about food preparation methods, ingredients used in mixed dishes, and the brand name
of commercial products may be required according to the research question. The amounts of each
food consumed are estimated in reference to a common size container (e.g., bowls, cups, and glasses),
and the participants also had a digital precision scale (Thinox, Plenna®, São Paulo, Brazil) to weigh
and describe the amount of food consumed. The dietary intake analysis was performed with food
analysis software (Dietwin Profissional® version 2016).

3. Statistical Analysis

Data normality was verified by the Shapiro-Wilk test, asymmetry and kurtosis. Parametric
descriptive data were presented in mean and standard deviation (SD) or standard error (SE), and the
non-parametric data in median and 25th and 75th percentiles. Dependent variables, HR and lactate
were compared during experimental sessions through the Student’s t-test. Two-way repeated measures
analysis of variance (ANOVA) followed by Bonferroni’s post hoc was used to verify the condition x
time interaction for dependent variables (hunger, satiety, fullness, PFC, total GLP-1 and delta GLP-1
variation). Repeated measures ANOVA or Friedman’s test was applied in the comparison between
experimental conditions and control for dependent variables (energy intake, carbohydrates, proteins,
lipids). Sphericity hypothesis was verified by the Mauchly test, and the degrees of freedom were
corrected by Greenhouse–Geisser estimates when violated. The effect size of the variances was
calculated by the partial square eta (η2p). The significance level was adopted at p < 0.05. All statistical
procedures were performed using SPSS for Win v.20.0 (Statistical Package for Social Sciences, Chicago,
IL, USA).

4. Results

Twenty-eight (28) subjects initially answered the invitations and were assessed for eligibility
criteria, but only 16 subjects started the study protocol. After assessment for eligibility and
randomization for experimental sessions, twelve individuals completed the trial. Figure 2 summarizes
the selection process of study volunteers. The sample characteristics are described in Table 1.
Biochemical and hemodynamic markers were within normal range, suggesting an absence of
cardiometabolic alterations.
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Table 1. Characteristics of the sample (n = 12).

Title Mean ± SD

Age (years) 28.4 ± 2.6
Height (cm) 177 ± 7

Body weight (kg) 109.0 ± 17.1
Body mass index (kg/m2) 35.5 ± 4.5

Fat free mass (kg) 65.7 ± 10.7
Body fat (%) 39.8 ± 2.2

Fasting glucose (mg/dL) 98.6 ± 25.2
Total cholesterol (mg/dL) 198.1 ± 25.9
HDL-cholesterol (mg/dL) 42.7 ± 2.3
LDL-cholesterol (mg/dL) 131.5 ± 27.1

VLDL-cholesterol (mg/dL) 24 ± 7.4
Tryglicerides (mg/dL) 119.9 ± 37.1

Physical Activity Level

Walking (min/week) 16.9 ± 21.3
Moderate activity (min/week) 10.8 ± 15
Vigorous activity (min/week) 0

Sitting time (h/day) 9.7 ± 3.3

Upon characterizing experimental sessions, higher HR values for HIIE compared to MICE
(83.7 ± 6.8% HRmax vs. 70.5 ± 1.1% HRmax; p = 0.001) were observed, and a higher lactate concentration
in HIIE compared to MICE (12.5 ± 2.6 mmol/L vs. 4.9 ± 1.4 mmlol/L; p = 0.001) after exercise sessions
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was also observed, which indicates a more pronounced cardiovascular demand and metabolic stress
for HIIE.

GLP-1 showed a significant effect of time x condition interaction (F(4, 44) = 2.874, p = 0.035,
η2p = 0.223, power = 0.73), while the Bonferroni’s post hoc test indicated higher GLP-1 concentration
in MICE vs. CON (p = 0.024) and a trend for higher levels in HIIE vs. CON (p = 0.069) POST-1 h.
Additionally, a significant intra-condition decrease in GLP-1 was only observed in CON (PRE vs.
POST-1 h, p = 0.006) (Figure 3A). Similarly, there was a significant effect of time × condition interaction
in delta GLP-1 (F(2, 20) = 3.607, p = 0.046, η2p = 0.265, power = 0.60). Therefore, this variable was
increased in MICE vs. CON (p = 0.038) POST-1 h. Moreover, delta GLP-1 pointed to a decrease during
the session in the CON (post vs. post 1 h; p = 0.060) and presented an increase in the MICE (post vs.
post 1 h, p = 0.063) (Figure 3B).
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Regarding subjective appetite perception, there was a significant time x condition interaction for
hunger (F(4, 44) = 5.19, p = 0.002, η2p = 0.321, power = 0.95). Thus, Bonferroni’s post hoc test revealed
that POST exercise had reduced hunger in HIIE vs. CON (p = 0.009). However, an intra-condition of
increased hunger was observed over the session for HIIE (PRE vs. POST-1 h, p = 0.042; POST vs. POST
1H, p < 0.001) and in CON (PRE vs. POST 1H, p = 0.023).

Furthermore, a significant time x condition interaction also was found in PFC (F(4, 44) = 3.993,
p = 0.008, η2p = 0.266, power = 0.88). Accordingly, POST exercise reduced PFC was shown in HIIE vs.
CON (p = 0.005). Nonetheless, a significant intra-condition of increased PFC was observed in HIIE
during the session (POST vs. POST-1 h, p = 0.003). No significant time x condition interactions were
observed for satiety (F(4, 44) = 1.58, p = 0.159, η2p = 0.126, power = 0.45) or fullness (F(4, 44) = 2.09,
p = 0.098, η2p = 0.160, power = 0.58) (Figure 4).
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Energy Intake (kcal)    

Ad libitum 766 ± 189 713 ± 196 761 ± 243 
24 h 2813 ± 462 2737 ± 535 2665 ± 435 

Carbohydrate (g)    
Ad libitum 91.3 ± 32.3 85.4 ± 27.9 91.7 ± 31.1 

24 h 399.9 (371–465) 380.2 (327–427) 362.6 (311–455) 
Protein (g)    
Ad libitum 26.9 ± 7.9 24.9 ± 6.9 25.3 ± 8.9 

24 h 99.2 (88–143) 108.2 (90–134) 112.9 (102–117) 
Lipids (g)    
Ad libitum 32.5 ± 8.0 30.3 ± 11.1 32.5 ± 11.5 

24 h 86.9 (70–111) 78.5 (59–93) 81.1 (68–92) 

Figure 4. Subjective appetite perception at different exercise conditions and control. Values presented
in mean ± SD. a Significantly different from PRE (p < 0.05); b Significantly different from POST;
* Significantly different from CON at same time point (p < 0.05).

There was no significant difference in EI between conditions in ad libitum meal (F(2, 22) = 0.73,
p = 0.489, η2p = 0.063, power = 0.16) and 24 h (F(2, 22) = 0.51, p = 0.606, η2p = 0.045, power = 0.13).
Similarly, macronutrients were not modified in the ad libitum meal for carbohydrates (F(2, 22) = 0.582,
p = 0.567, η2p = 0.050, power = 0.14); proteins (F(2, 22) = 0.856, p = 0.439, η2p = 0.072, power = 0.18);
or lipids (F(2, 22) = 0.504, p = 0.611, η2p = 0.044, power = 0.12). No differences were also observed
in macronutrient intake over 24 h in carbohydrates (χ2 (2) = 1.16, p = 0.558); protein (χ2 (2) = 0.167,
p = 0.920); or lipids (χ2 (2) = 3.16, p = 0.205) (Table 2).
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Table 2. Energy intake and macronutrients in ad libitum meal and throughout the day for the
experimental sessions and control.

Title CON MICE HIIE

Energy Intake (kcal)

Ad libitum 766 ± 189 713 ± 196 761 ± 243
24 h 2813 ± 462 2737 ± 535 2665 ± 435

Carbohydrate (g)

Ad libitum 91.3 ± 32.3 85.4 ± 27.9 91.7 ± 31.1
24 h 399.9 (371–465) 380.2 (327–427) 362.6 (311–455)

Protein (g)

Ad libitum 26.9 ± 7.9 24.9 ± 6.9 25.3 ± 8.9
24 h 99.2 (88–143) 108.2 (90–134) 112.9 (102–117)

Lipids (g)

Ad libitum 32.5 ± 8.0 30.3 ± 11.1 32.5 ± 11.5
24 h 86.9 (70–111) 78.5 (59–93) 81.1 (68–92)

Values presented in mean ± SD or median (interquartile range 25–75). CON: Control session; MICE: Moderate
intensity continuous exercise; HIIE: high intensity interval exercise. No statistically significant difference was
observed between conditions.

5. Discussion

The main findings of the present study did not confirm our hypothesis that HIIE may induce EIA.
In summary, MICE and HIIE presented higher or sustained GLP-1 concentration through experimental
sessions compared to CON, and a decreased GLP-1 level was only observed in CON. Additionally,
there was no difference in subjective appetite perception at different exercise intensities in obese men,
except for a reduction in hunger and PFC after exercise in HIIE vs. CON, which was not sustained after
1H. Finally, the different exercise intensities did not suppress energy intake in obese men, although
there was no subsequent increase up to 24 h after experimental sessions.

Initially, the present study found higher GLP-1 levels up to 1h after exercise sessions in comparison
to the CON session, as well as a reduced GLP-1 concentration compared to the experimental
session only in CON. Possibly, the significant reduction in GLP-1 in the CON session is due to
the absence of exercise in this group, once that previous results have described the effect of exercise
on increased GLP-1 responses [12,30,31]. At this point, it is suggested that increased GLP-1 levels
occur through an elevation in catecholamines and circulating free fatty acids, which stimulates the
intestinal L-cells during exercise [11], and which may explain our results. However, the studies that
found improvements in GLP-1 in obese subjects used high-volume moderate to vigorous exercise
protocols (60 min, 50–70% VO2max) [30,31] or maximal protocols of low-volume HIIE involving “all out”
effort [15,32].

It is important to highlight how a brief session of MICE (20 min) was able to increase GLP-1 levels
in sedentary obese males, but in contrast to previous studies [15,32], we did not observe a significant
difference between exercise conditions. At this point, we could expect higher GLP-1 levels after HIIE,
given that higher intensity exercises provoke a greater sympathetic activation, which may result in
larger release of this peptide [11–33]. Supporting these findings, these previous studies were performed
with HIIE maximal protocols with “all out” bouts, resulting on higher GLP-1 levels [15,32]. Therefore,
it’s possible that the low volume-submaximal characteristic of HIIE used in our study was not enough
to produce such responses.

Interestingly, a more pronounced effect was found for MICE when a higher delta GLP-1 was
revealed 1 h after exercise session compared to CON (+4.4% vs. −4.1%, respectively), which indicates
that GLP-1 levels continued increasing after exercise. Nevertheless, the different response in GLP-1
during exercise sessions compared to CON was not accompanied by clinical changes (i.e., increased
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satiety, reduced energy intake). Similar inconsistences also were found in previous studies with
overweight and obese subjects [15,31]. This acute change was possibly not enough to impact the clinical
response since the desire and the decision to eat are not exclusively due to hormonal changes [34].

In agreement with our findings about subjective appetite perception, Alkahtani et al. [35] found
no difference in hunger and satiety between HIIE in a cycle ergometer (15 s at 85% VO2max + 15 s
active recovery) vs. MICE (30 min, Fatmax) in overweight/obese individuals. However, in the present
study, appetite perception was also performed 60 min after the experimental sessions, which enabled
observing no subsequent increases in appetite perception up to 1H after exercise sessions. In addition,
a previous study conducted by our research group observed no differences for subjective appetite
perception in MICE (20 min at 65% HRmax) vs. HIIE (10 × 60 s at 90% HRmax) in overweight subjects
up to 40 min after exercise session [36]. Thus, it’s possible that obese males presented an appetite
perception response similar to overweight individuals when submitted to MICE and HIIE protocols,
without present subsequent compensatory increases in appetite perception [9,35,36].

On the other hand, we found significantly reduced hunger and PFC in HIIE vs. CON immediately
after exercise, but this response was not sustained after 1H, which suggests a transient effect. These
findings are in agreement with King et al. [7] who observed appetite suppression after 30 min of
exercise (70% VO2max); and Broon et al. [8] who found a significant reduction in hunger after treadmill
running (72% of VO2max). In this same study, a positive correlation between reduced hunger and
suppressed ghrelin levels (r = 0.69, p < 0.01) was observed. Therefore, a possible reason explaining the
acute reduced hunger and PFC is increased blood flow directed to muscle tissue during exercise which
consequently decreased to the gastrointestinal area, resulting in a lower activation of P1/D1 ghrelin
producing cells in the stomach [9,11].

Since the appetite perception variables were little affected in that manner that transient reduction
in hunger and PFC were observed only in HIIE, a concomitant or small reduction in subsequent
energy intake could be estimated; however, this present study found no significant differences for the
ad libitum meal (1 h post exercise) or throughout the day (24 h) between experimental conditions and
control. Different from our findings, Sim et al. [9] revealed a significant reduction in energy intake
after HIIE (60 s to 100% VO2peak + 240 s to 50% VO2peak) and supramaximal exercises (15 s to 170%
of VO2peak + 60 s to 32% of VO2peak) for the ad libitum meal and 24 h in 17 overweight individuals.
Nonetheless, the performed exercise intensity was much higher compared to the intensities adopted in
the present study, and at levels that would be difficult to sustain in obese subjects (which may explain
the different results); also, the sample size adopted in our study may not be appropriate to identify
any possible significant differences in these variables.

On the other hand, it is important to clarify that both exercise sessions in the present study
did not exceed the energy intake compared to control for the ad libitum meal or throughout the day.
In agreement with the present findings, Martins et al. [15] also did not find significant differences
in subsequent energy intake throughout the day in MICE (70% HRmax) or HIIE (8 s all out +12 s at
20–30 rpm) with obese subjects. These findings are similar to a previous meta-analysis in normal-weight
subjects, where no increased energy intake was observed after low to vigorous exercise intensity
(36–81% VO2max) [37]. Therefore, it is suggested that obese males present an absence of compensatory
increased energy intake after both exercise conditions.

Regarding the strengths of present study, we offered a standardized meal before exercise sessions
and CON. This measure is important to prevent individual changes in appetite between conditions.
Additionally, the energy intake measurements were performed one hour after exercise (ad libitum meal)
and throughout the day (24 h) by an estimated food record, which permitted food consumption in
an external environment. However, the study has some limitations. The exercise protocols (MICE
and HIIE) were matched by time (20 min/session) and not by caloric expenditure, which did not
allow for observing differences in expended energy. In addition, an inevitable limitation refers to the
method for estimating 24 h food consumption, which depends on the respondent’s integrity. In order
to minimize this limitation, a well-trained interviewer was selected to minimize recall bias. Finally,
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despite the instructions for the participants to maintain their eating habits and sleeping habits 24 h
before the experimental sessions and to avoid moderate and vigorous physical activity and alcohol
intake, compliance with these instructions was not assessed.

From a practical point of view, the sustained exercise-induced elevation in GLP-1 may point
to enhanced satiety signaling for a prolonged period in obese males. Moreover, the current
physical activity guidelines recommend that adults should perform 30–60 min of moderate-vigorous
exercise on most days of week [24], however, almost all individuals with obesity do not meet this
recommendation [38]. Therefore, our study showed that for inactive individuals with obesity both
exercise protocols (HIIE and MICE) with a reduced time commitment were able to increase GLP-1
levels without an increase in subsequent energy intake. Thus, considering the individual preferences
and motivations, both low-volume HIIE and MICE could be considerable for this population.

For future studies, we suggest increasing the follow-up time for post-exercise GLP-1 levels,
as well as to measure additional appetite-related hormones such as acylated ghrelin, cholecystokinin
and insulin. Furthermore, additionally investigating alternative exercise protocols (i.e., sprint interval
exercise) would be of great value in helping to discuss the biochemical mechanisms of appetite control.

6. Conclusions

HIIE and MICE seem to elicit similar effects on GLP-1, increasing its levels up to 1 h post-exercise
in obese men. However, despite a transient reduction in hunger immediately post-HIIE, both exercise
protocols do not change energy intake 1-h or 24 h post-exercise.
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Appendix A

Table A1. Food Items Provided in the Ad Libitum Buffet Meal.

Food Amount (g or mL) Energy (Kcal) CHO (g) PTN (g) LIP (g)

Apple 120 g 82.8 19.9 0.2 0.2
Banana 180 g 156.4 36.5 2.2 0.2

Fruit Juice 200 mL 107.6 26 0.9 0
Whole Yogurt 170 g 126.5 9.1 6.8 7
Potato chips 27 g 153 13 1.7 10.5

Chocolate 40 g 191.2 24 2.2 9.6
Toast 20 g 77 13.2 3.1 1.3

Boiled egg 150 g 211.7 0.9 20 14.3
Fruit jelly 30 g 74.3 18.5 0 0

Butter 20 g 148.7 0 0.1 16.5
Total 957 1329 161.2 37.2 59.6

Total (% macronutrients) - - 48.5 11.2 40.3

CHO: carbohydrate, PTN: protein, LIP: lipid.



Nutrients 2018, 10, 889 12 of 14

References

1. Heymsfield, M.D.; Thomas, A.W. Mechanisms, Pathophysiology, and Management of Obesity. N. Engl. J. Med.
2017, 376, 254–266. [CrossRef] [PubMed]

2. World Health Organization. Global Status Report on Noncommunicable Diseases. Switzerland. 2014.
Available online: http://www.who.int/nmh/publications/ncd-status-report-2014/en/ (accessed on
18 December 2017).

3. Ross, R.; Dagnone, D.; Jones, P.J.; Smith, H.P.; Hudson, R.; Janssen, I. Reduction in obesity and related
comorbid conditions after diet-induced weight loss or exercise-induced weight loss in men. A randomized,
controlled trial. Ann. Intern. Med. 2000, 133, 92–103. [CrossRef] [PubMed]

4. Trussardi, A.P.F.; Lopes, A.L.; Fernandes, P.R.; Reischak-Oliveira, A.; Friedman, R. Impact of weight loss
with or without exercise on abdominal fat and insulin resistance in obese individuals: A randomised clinical
trial. Br. J. Nutr. 2013, 110, 486–492. [CrossRef] [PubMed]

5. Murphy, K.G.; Bloom, S.R. Gut hormones and the regulation of energy homeostasis. Nature 2006, 444.
[CrossRef] [PubMed]

6. Tang-Christensen, M.; Vrang, N.; Larsen, P.J. Glucagon-like peptide containing pathways in the regulation of
feeding behaviour. Int. J. Obes. Relat. Metab. Disord. 2001, 25, 42–47. [CrossRef] [PubMed]

7. King, N.A.; Burley, V.J.; Blundell, J.E. Exercise-induced suppression of appetite: Effects on food intake and
implications for energy balance. Eur. J. Clin. Nutr. 1994, 48, 715–724. [PubMed]

8. Broom, D.R.; Stensel, D.J.; Bishop, N.C.; Burns, S.F.; Miyashita, M. Exercise induced suppression of acylated
ghrelin in humans. J. Appl. Physiol. 2007, 8, 2165–2171. [CrossRef] [PubMed]

9. Sim, A.Y.; Wallman, K.E.; Fairchild, T.J.; Guelfi, K.J. High-intensity intermittent exercise attenuates ad-libitum
energy intake. Int. J. Obes. 2014, 38, 417–422. [CrossRef] [PubMed]

10. Deighton, K.; Karra, E.; Batterham, R.L.; Stensel, D.J. Appetite, energy intake, and PYY3-36 responses to
energy-matched continuous exercise and submaximal high-intensity exercise. Appl. Physiol. Nutr. Metab.
2013, 38, 947–952. [CrossRef] [PubMed]

11. Hazell, T.J.; Islam, H.; Townsend, L.K.; Schmale, M.S.; Copeland, J.L. Effects of exercise intensity on plasma
concentrations of appetite-regulating hormones: Potential mechanisms. Appetite 2016, 1, 80–88. [CrossRef]
[PubMed]

12. Schubert, M.A.; Sabapathy, S.; Leveritt, M.; Desbrow, B. Acute exercise and hormones related to appetite
regulation: A meta-analysis. Sports Med. 2014, 44, 387–403. [CrossRef] [PubMed]

13. Weston, K.S.; Wisløff, U.; Coombes, J.S. High-intensity interval training in patients with lifestyle-induced
cardiometabolic disease: A systematic review and meta-analysis. Br. J. Sports Med. 2014, 48, 1227–1234.
[CrossRef] [PubMed]

14. Batacan, R.B.; Duncan, M.J.; Dalbo, V.J.; Tucker, P.S.; Fenning, A.S. Effects of high-intensity interval training
on cardiometabolic health: A systematic review and meta-analysis of intervention studies. Br. J. Sports Med.
2017, 51, 494–503. [CrossRef] [PubMed]

15. Martins, C.; Stensvold, D.; Finlayson, G.; Holst, J.; Wisloff, U.; Kulseng, B.; Morgan, L.; King, N.A. Effect of
Moderate- and High-Intensity Acute Exercise on Appetite in Obese Individuals. Med. Sci. Sports Exerc. 2014,
47, 40–48. [CrossRef] [PubMed]

16. James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.;
LeFevre, M.L.; MacKenzie, T.D.; Ogedegbe, O.; et al. Evidence-Based Guideline for the Management of High
Blood Pressure in Adults. JAMA 2014, 311, 507–520. [CrossRef] [PubMed]

17. World Health Organization. Obesity: Preventing and managing the global epidemic. Report of a WHO
consultation. World Health Organ. Tech. Rep. Ser. 2000, 894, 1–253.

18. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502.
[PubMed]

19. Fayh, A.P.T.; Matos, V.A.F.; Souza, D.C.; Santos, V.O.A.; Marinho, C.S.R.; Serquiz, A.C.; Friedman, R.;
Costa, E.C. Effects of a single session of high-intensity interval exercise and moderate-intensity continuous
exercise on biochemical cardiovascular risk factors in obese males. Sport Sci. Health 2018, 1–8. [CrossRef]

http://dx.doi.org/10.1056/NEJMra1514009
http://www.ncbi.nlm.nih.gov/pubmed/28099824
http://www.who.int/nmh/ publications/ncd-status-report-2014/en/
http://dx.doi.org/10.7326/0003-4819-133-2-200007180-00008
http://www.ncbi.nlm.nih.gov/pubmed/10896648
http://dx.doi.org/10.1017/S0007114512005442
http://www.ncbi.nlm.nih.gov/pubmed/23302544
http://dx.doi.org/10.1038/nature05484
http://www.ncbi.nlm.nih.gov/pubmed/17167473
http://dx.doi.org/10.1038/sj.ijo.0801912
http://www.ncbi.nlm.nih.gov/pubmed/11840214
http://www.ncbi.nlm.nih.gov/pubmed/7835326
http://dx.doi.org/10.1152/japplphysiol.00759.2006
http://www.ncbi.nlm.nih.gov/pubmed/17347386
http://dx.doi.org/10.1038/ijo.2013.102
http://www.ncbi.nlm.nih.gov/pubmed/23835594
http://dx.doi.org/10.1139/apnm-2012-0484
http://www.ncbi.nlm.nih.gov/pubmed/23905660
http://dx.doi.org/10.1016/j.appet.2015.12.016
http://www.ncbi.nlm.nih.gov/pubmed/26721721
http://dx.doi.org/10.1007/s40279-013-0120-3
http://www.ncbi.nlm.nih.gov/pubmed/24174308
http://dx.doi.org/10.1136/bjsports-2013-092576
http://www.ncbi.nlm.nih.gov/pubmed/24144531
http://dx.doi.org/10.1136/bjsports-2015-095841
http://www.ncbi.nlm.nih.gov/pubmed/27797726
http://dx.doi.org/10.1249/MSS.0000000000000372
http://www.ncbi.nlm.nih.gov/pubmed/24824772
http://dx.doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://dx.doi.org/10.1007/s11332-018-0435-4


Nutrients 2018, 10, 889 13 of 14

20. Frazão, D.T.; De Farias, L.F.; Dantas, T.C.B.; Krinski, K.; Elsangedy, H.M.; Prestes, J.; Hardcastle, S.J.;
Costa, E.C. Feeling of pleasure to high-intensity interval exercise is dependent of the number of work bouts
and physical activity status. PLoS ONE 2016, 11, 1–16. [CrossRef]

21. Souza, D.C.; Matos, V.A.F.; Santos, V.O.A.; Medeiros, I.F.; Marinho, C.S.R.; Nascimento, P.R.P.; Dorneles, G.P.;
Peres, A.; Müller, C.H.; Krause, M.; et al. Effects of High-Intensity Interval and Moderate-Intensity
Continuous Exercise on Inflammatory, Leptin, IgA, and Lipid Peroxidation Responses in Obese Males.
Front. Physiol. 2018, 9, 1–9. [CrossRef] [PubMed]

22. Borg, G.A. Psychophysical bases of perceived exertion. Med. Sci. Sports Exerc. 1982, 14, 377–381. [CrossRef]
[PubMed]

23. Howley, E.T.; Basset, D.R.; Welch, H.G. Criteria for maximal oxygen uptake: Review and commentary.
Med. Sci. Sports Exerc. 1995, 27, 1292–1301. [CrossRef] [PubMed]

24. Thomas, D.T.; Erdman, K.A.; Burke, L.M. American College of Sports Medicine Joint Position Statement.
Nutrition and athletic performance. Med. Sci. Sports Exerc. 2016, 48, 543–568. [CrossRef] [PubMed]

25. Garber, C.E.; Blissmer, B.; Deschenes, M.R.; Franklin, B.A.; Lamonte, M.J.; Lee, L.M.; Nieman, D.C.; Swain, D.P.
Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: Guidance for prescribing exercise. Med. Sci. Sports Exerc.
2011, 43, 1334–1359. [CrossRef] [PubMed]

26. Flint, A.; Raben, A.; Blundell, J.E.; Astrup, A. Reproducibility, power and validity of visual analogue scales
in assessment of appetite sensations in single test meal studies. Int. J. Obes. Relat. Metab. Disord. 2000, 24,
38–48. [CrossRef] [PubMed]

27. Stubbs, R.J.; Hughes, D.A.; Johnstone, A.M.; Rowley, E.; Reid, C.; Elia, M.; Stratton, R.; Delargy, H.; King, N.;
Blundell, J.E. The use of visual analogue scales to assess motivation to eat in human subjects: A review
of their reliability and validity with an evaluation of new hand-held computerized systems for temporal
tracking of appetite ratings. Br. J. Nutr. 2000, 84, 405–415. [CrossRef] [PubMed]

28. Brasil. Ministério da Saúde. Guia Alimentar Para a População Brasileira/Ministério da Saúde, Secretaria
de Atenção à Saúde, Departamento de Atenção Básica.–2.ed.–Brasília: Ministério da saúde. 2014.
Available online: http://bvsms.saude.gov.br/bvs/publicacoes/guia_alimentar_populacao_brasileira_2ed.
pdf (accessed on 10 December 2017).

29. Fisberg, R.M.; Marchioni, D.M.L.; Colucci, A.C.A. Avaliação do consumo alimentar e da ingestão de
nutrientes na prática clínica. Arq. Bras. Endocrinol. Metabol. 2009, 53, 617–624. [CrossRef] [PubMed]

30. Ueda, S.Y.; Yoshikawa, T.; Katsura, Y.; Usui, T.; Nakao, H.; Fujimoto, S. Changes in gut hormone levels and
negative energy balance during aerobic exercise in obese young males. J. Endocrinol. 2009, 201, 151–159.
[CrossRef] [PubMed]

31. Douglas, J.A.; King, J.A.; Clayton, D.J.; Jackson, A.P.; Sargeant, J.A.; Thackray, A.E.; Davies, M.J.; Stensel, D.J.
Acute effects of exercise on appetite, ad libitum energy intake and appetite-regulatory hormones in lean and
overweight/obese men and women. Int. J. Obes. 2017, 41, 1737–1744. [CrossRef] [PubMed]

32. Holliday, A.; Blannin, A.K. Very Low Volume Sprint Interval Exercise Suppresses Subjective Appetite,
Lowers Acylated Ghrelin, and Elevates GLP-1 in Overweight Individuals: A Pilot Study. Nutrients 2017, 9,
362–376. [CrossRef] [PubMed]

33. Peake, J.M.; Tan, S.J.; Markworth, J.F.; Broadbent, J.A.; Skinner, T.L.; Cameron-Smith, D. Metabolic and
hormonal responses to isoenergetic highintensity interval exercise and continuous moderate-intensity
exercise. Am. J. Physiol. Endocrinol. Metab. 2014, 7, 539–552. [CrossRef] [PubMed]

34. Evan, M.F.; Meghan, L.B. A new look at the science of weight control: How acceptance and commitment
strategies can address the challenge of self-regulation. Appetite 2015, 84, 171–180. [CrossRef]

35. Alkahtani, S.A.; Byrne, N.M.; Hills, A.P.; King, N.A. Acute interval exercise intensity does not affect appetite
and nutrient preferences in overweight and obese males. Asia Pac. J. Clin. Nutr. 2014, 23, 232–238. [CrossRef]
[PubMed]

http://dx.doi.org/10.1371/journal.pone.0152752
http://dx.doi.org/10.3389/fphys.2018.00567
http://www.ncbi.nlm.nih.gov/pubmed/29875681
http://dx.doi.org/10.1249/00005768-198205000-00012
http://www.ncbi.nlm.nih.gov/pubmed/7154893
http://dx.doi.org/10.1249/00005768-199509000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8531628
http://dx.doi.org/10.1249/MSS.0000000000000852
http://www.ncbi.nlm.nih.gov/pubmed/26891166
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/pubmed/21694556
http://dx.doi.org/10.1038/sj.ijo.0801083
http://www.ncbi.nlm.nih.gov/pubmed/10702749
http://dx.doi.org/10.1017/S0007114500001719
http://www.ncbi.nlm.nih.gov/pubmed/11103211
http://bvsms.saude.gov.br/bvs/publicacoes/guia_alimentar_populacao_brasileira_2ed.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/guia_alimentar_populacao_brasileira_2ed.pdf
http://dx.doi.org/10.1590/S0004-27302009000500014
http://www.ncbi.nlm.nih.gov/pubmed/19768252
http://dx.doi.org/10.1677/JOE-08-0500
http://www.ncbi.nlm.nih.gov/pubmed/19158129
http://dx.doi.org/10.1038/ijo.2017.181
http://www.ncbi.nlm.nih.gov/pubmed/28769121
http://dx.doi.org/10.3390/nu9040362
http://www.ncbi.nlm.nih.gov/pubmed/28379172
http://dx.doi.org/10.1152/ajpendo.00276.2014
http://www.ncbi.nlm.nih.gov/pubmed/25096178
http://dx.doi.org/10.1016/j.appet.2014.10.004
http://dx.doi.org/10.6133/apjcn.2014.23.2.07
http://www.ncbi.nlm.nih.gov/pubmed/24901092


Nutrients 2018, 10, 889 14 of 14

36. Matos, V.A.F.; Souza, D.C.; Browne, R.A.V.; Santos, V.O.A.; Costa, E.C.; Fayh, A.P.T. Acute effect of
high-intensity interval exercise and moderate-intensity continuous exercise on appetite in overweight/obese
males: A pilot study. Sport Sci. Health 2017, 13, 403–410. [CrossRef]

37. Schubert, M.A.; Desbrow, B.; Sabapathy, S.; Leveritt, M. Acute exercise and subsequent energy intake.
A meta-analysis. Appetite 2013, 63, 92–104. [CrossRef] [PubMed]

38. Tudor-Locke, C.; Brashear, M.M.; Johnson, W.D.; Katzmarzyk, P.T. Accelerometer profiles of physical activity
and inactivity in normal weight, overweight, and obese US men and women. Int. J. Behav. Nutr. Phys. Act.
2010, 7. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11332-017-0372-7
http://dx.doi.org/10.1016/j.appet.2012.12.010
http://www.ncbi.nlm.nih.gov/pubmed/23274127
http://dx.doi.org/10.1186/1479-5868-7-60
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Design and Subjects 
	Procedures 
	Anthropometric and Body Composition Assessment 
	Biochemical Measurements 
	Maximal Graded Exercise Test 
	Standardized Meal 
	Experimental Sessions 
	Subjective Appetite Perception 
	Ad Libitum Meal 
	Estimated Food Record 

	Statistical Analysis 
	Results 
	Discussion 
	Conclusions 
	
	References

