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Abstract

:

This pilot study, conducted in advance of a future definitive randomized controlled trial, aimed to investigate the feasibility of using a HIIT-based intervention to induce neurophysiological stress responses that could be associated with possible changes in mood. Twenty-five active male college students with an average age of 21.7 ± 2.1 years, weight 72.6 ± 8.4 kg, height 177 ± 6.1 cm, and BMI: 23.1 ± 1.4 kg/m2 took part in this quasi-experimental pilot study in which they were evaluated in two different sessions. In the first session, subjects performed a graded exercise test to determine the cycling power output corresponding to VO2peak. The second session consisted of (a) pre-intervention assessment (collection of blood samples for measuring plasma corticotropin and cortisol levels, and application of POMS questionnaire to evaluate mood states); (b) exercise intervention (10 × 1-min of cycling at VO2peak power output); (c) post-intervention assessment, and (d) 30-min post-intervention evaluation. Significant post-exercise increases in corticotropin and cortisol plasma levels were observed whereas mood states decreased significantly at this assessment time-point. However, a significant increase in mood was found 30-min after exercise. Finally, significant relationships between increases in stress hormones concentrations and changes in mood states after intense exercise were observed. In conclusion, our HIIT-based intervention was feasible to deliver and acceptable to participants. A single bout of HIIT induced acute changes in mood states that seems to be associated with hypothalamic-pituitary-adrenal axis activation.
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1. Introduction


High-intensity interval training (HIIT) consists of short bursts of exercise followed by recovery periods [1]. Thus, HIIT can encompass a considerable range of exercise duration and intensity, either repeated short (<45 s) or long (2–4 min) bouts of rather high- but not maximal-intensity exercise, or short (<10 s, repeated-sprint sequences) or long (>20–30 s, sprint interval session) all-out sprints, interspersed with recovery periods [2]. In any case, there is no doubt that these bouts of intense exercise induce an important physiological stress response which can be observed in different body systems such as muscular, cardiovascular, respiratory, or endocrine ones. In fact, the hypothalamic-pituitary-adrenal (HPA) axis reacts to stress by triggering the secretion of corticotropin release hormone (CRH) from the hypothalamus. CRH stimulates the pituitary to secrete adrenocorticotropin hormone (ACTH) which is the major pituitary hormone regulating adrenal function and, therefore, the release of cortisol, a glucocorticoid regulated by the HPA axis which is secreted by the adrenal gland in response to stress [3,4].



Different studies have been focused on the responses of ACTH to different types of exercise, having demonstrated its reactivity to the most intense ones [5,6]. Furthermore, ACTH responses to two intermittent exercises (1 min of exercise and 30 s of rest) of different intensities (40% and 90% VO2max) were evaluated. Plasma ACTH levels were not increased after the less intense exercise; on the contrary, ACTH concentrations increased significantly 10 min after the most intense exercise [7].



As it has been reported, increases in circulating cortisol levels following exercise are related to the extent of stress experienced [8]. Considering that peak cortisol concentrations can be found within 30 min post-exercise and that they could remain elevated up to 2 h, previous studies have found elevated cortisol levels following exhausting exercises [9,10]. More specifically, significant cortisol responses were reported after intense and intermittent exercises [11,12].



On the other hand, there is little information about the effects of vigorous exercise (e.g., HIIT) on mental health and other psychological variables [13]. The few studies that have investigated the acute and long-term effects of interval exercise on psychological outcomes were focused on the perceived exertion, affect, and arousal [14,15]. Several of them reported that HIIT might contribute to feelings of incompetence, failure, and lower self-esteem in untrained subjects, which may undermine participants’ motivation to engage in exercise and sports activities [16]. Several others have investigated the effects of HIIT on affective and enjoyment responses, two key mediator factors for exercise programs adherence, but they have reported contradictory data [17]. However, it seems necessary to link the psychophysiological stress induced by HIIT with changes in mood and behavior. Thus, although some studies have been performed to evaluate the relationships between stress biomarkers and mood states in athletes during training periods suggesting an association between elevated cortisol and dysfunctional mood states [18], nevertheless, there are also contradictory results [19]. Moreover, there is a lack of information about the HIIT-induced cortisol responses and their possible relationships with transient changes in mood states.



Taking into account all above mentioned, we performed this pilot study to address whether a definitive RCT was feasible with regard to (i) assess the impact of HIIT-based intervention on neurophysiological stress response, (ii) determine the subjects’ acceptability to specific HIIT, (iii) estimate possible changes on mood induced by HIIT intervention, and (iv) discover a possible connection between stress hormone response and mood variations after intense exercise.



Thus, the primary objectives of this study were as follows:



A. To assess how many subjects accepted the invitation to participate in this research and meet the inclusion criteria.



B. To determine whether the eligibility criteria for participants were too open or too restrictive by estimating feasible eligibility and recruitment rate.



C. To verify the impact of HIIT-based intervention on neurophysiological stress response and to assess the residual effects on main outcomes.



D. To investigate the participants’ acceptability to a specific HIIT bout in terms of compliance to this intervention.



E. To assess the acceptability of the outcome measures as methods to measure efficacy of the intervention within a definitive trial.



The secondary objectives of this study were as follows:



a. To evaluate the feasibility of blood sampling from participants’ antecubital vein in pre-, post-, and recovery period after HIIT intervention.



b. To investigate the applicability of POMS questionnaire in pre-, post-, and recovery period after HIIT intervention.



c. To measure precisely key outcome variables (circulating levels of stress hormones, mood states) and to calculate 95% confidence intervals for the difference between assessment time-points.



d. To analyze the association between stress hormone responses and mood changes, from which the definitive RCT could be designed.




2. Materials and Methods


2.1. Participants


Participants were students at the local Faculty of Educational Sciences, and they were recruited through announcements on social media and academic web sites. Interested participants then registered their interest with the researchers by telephone or email. This was followed up with a screening visit (health history assessment) with the researchers.



Since this was a pilot study, a sample size calculation was not performed. The researchers aimed for more than 20 participants since previous studies reported high effect sizes for stress hormones and mood assessments using between 10 to 26 participants [10,20,21].



The inclusion and exclusion criteria were as follow. Inclusion criteria: male with an age between 18 and 25 years; physically active (i.e., >150 min of moderate-intensity exercise per week for greater than 6 months, according to the International Physical Activity Questionnaire [22]); good general health with no additional disease state that could interfere with the study, and no smoking, drinking alcohol, or drugs use. Exclusion criteria: neurocognitive, psychiatric, or neurological disorders diagnosis (according to DSM-5 criteria) within the last 12 months; any cardiovascular, metabolic, immunological, and endocrine diseases (e.g., Addison’s and Cushing’s diseases), or medication intake that could influence the study results.



Nevertheless, applying inclusion and exclusion criteria we recognized that some participants were taking academic exams. This situation would lead them to experience anxiety or stress episodes, insomnia, and other symptoms which could interfere with the outcomes. We included this issue as exclusion criteria.




2.2. Experimental Approach


Considering that this pilot study was conducted to gain experience in delivering the intervention, we decided to develop a quasi-experimental approach because this type of research design allowed us to evaluate the use and acceptability of the HIIT-based intervention and to assess biochemical and psychological outcomes despite limited resources that were available. Thus, a one-group pretest/posttest quasi-experimental design was used in this study in which each participant took part in two testing sessions separated by 5 to 7 days. Body composition analysis (bioelectrical impedance; TANITA BC-418MA); and a graded exercise test on a cycle ergometer (Ergoline Ergoselect 200) was performed during the first session. In the second session, after 15-min of sitting rest, venous blood samples were collected, and Profile of Mood States (POMS) questionnaire [23] was administered. Then, participants performed a HIIT protocol comprising ten 1-min work intervals (cycling at pVO2peak) with 1-min of passive recovery in-between. Finally, blood samples were drawn, and POMS questionnaire was filled by participants immediately and 30-min post-HIIT. Within 24 h before testing sessions, participants were instructed to avoid strenuous physical activity, and also to abstain from food (overnight fasting), caffeine, cacao, and alcohol 12 h before testing.



This pilot study was approved by a local University Ethics Committee before the experiment was started (5 February 2017) and performed in accordance with the 1964 Declaration of Helsinki and its later amendments. Accordingly, all participants gave written consent after receiving information regarding the nature and purpose of the study.



2.2.1. Session 1: Graded Exercise Test


Participants performed a maximal incremental exercise test to determine peak VO2 (VO2peak) on the cycle ergometer. After 5 min of cycling at 50 W, the workload was increased by 25 W per min until exhaustion (cadence: 70 rpm). Breath-by-breath pulmonary gas-exchange data were collected (CPX, MedGraphics, MN, USA) and heart rate (HR) was continuously measured by telemetry (X-Scribe, Mortara, Milwaukee, WI, USA). VO2peak was determined as the highest 20 s mean value reached before exhaustion, defined as the presence of two or more of the following criteria: (1) a maximal rating of perceived exertion (RPE): 19–20 points of 6–20 Borg’s scale [24]; (2) a respiratory exchange ratio above 1.10; (3) a HR above 90% of the age-predicted maximum, and (4) a decrease of cadence below 60 rpm for greater than 5 s. The cycling power output at which participants achieve their VO2 peak (pVO2peak) was registered for the HIIT intervention (Table 1).




2.2.2. Session 2: HIIT Intervention


HR and RPE monitoring. HR was continuously monitored during HIIT by a HR monitor (Polar RCX5; Polar Electro Ltd., Kempele, Finland). Mean (HRmean) and maximal HR (HRmax) were assessed for each cycling interval. Moreover, the Borg’s 6–20 scale [24] was used to evaluate how participants rated their exertion at the end of each cycling interval to assess their ratings of perceived exertion immediately after each cycling bout.



Biochemical analyses. 5-mL blood samples were collected 5 min before, immediately after, and 30-min post HIIT. Plasma ACTH levels were measured using ELISA techniques (AbnovaTM KA3382; Tapei City, Taiwan), with a detection range from 7.9–66.1 pg/mL (no cross-reactivity detectable; inter and intra-assay CV: 5.8 and 3.1%, respectively). On the other hand, plasma cortisol concentrations were also analyzed by ELISA (AbnovaTM KA3382; Tapei City, Taiwan), with a detection range from 30–230 ng/mL, and cross-reactivity with prednisolone (5.1%), corticosterone (0.3%), and progesterone-estradiol (<0.1%). The inter and intra-assay CV were 8.6 % and 6.2%, respectively. All samples were analyzed in duplicate.



Mood States assessment. To assess mood, the subjects completed the standard version of POMS [23] at pre-, post-, and 30-min post-exercise. The POMS questionnaire is a 65-item self-administered rating scale which measures six dimensions of mood: depression-dejection (D-D), fatigue-inertia (F-I), tension-anxiety (T-A), confusion-bewilderment (C-B), vigor-activity (V-A), and anger-hostility (A-H). Moreover, POMS Score Index (iPOMS) was calculated using the equation proposed by Fontani et al. [25]:


iPOMS = vigor/((tension + depression + anger + fatigue + confusion)/5)



(1)







Nevertheless, according to the objectives of this pilot study, the following clarifications on measures must be considered: (a) the screening visit with the researchers was used to determine how many subjects accepted the invitation to participate in this research and meet the inclusion criteria; (b) percentage of subjects who meet the inclusion criteria was used to determine whether the eligibility criteria for participants were too open or too restrictive by estimating feasible eligibility and recruitment rate; (c) individual rates of perceived exertion were collected to check the impact of HIIT-based intervention on neurophysiological stress response; (d) the acceptability to a specific HIIT intervention was assessed by percentage of subjects who were not able to complete the entire HIIT bout; (e) the administration of a computerized version of POMS and duplicate analyses on ACTH and cortisol plasma levels were used to check the acceptability of the outcome measures as methods to measure effects of the intervention within a definitive trial.



On the other hand, once this pilot study had commenced, we recognized that participants could be experiencing acute psychosocial stress (social evaluation threat) or blood sampling stress in one or both testing sessions. We therefore amended the protocol evaluating participants’ state anxiety levels at the beginning of the testing sessions (State-Trait Anxiety Inventory, STAI) [26] and also by using distraction methods (distraction cards) during blood drawn in those participants who reported needle fear.





2.3. Statistical Analysis


Means and standard deviations (sd) were calculated for all variables. To check normality, Shapiro-Wilk test was conducted. Considering that data were not normally distributed, Friedman Test and Wilcoxon Signed Rank Test were used for intragroup comparisons (mean difference with 95% confidence intervals were also indicated). Moreover, effect size (ES) was calculated using r-value (r = Z/√N) [27] and was interpreted as trivial when r < 0.1, small: r = 0.1–0.3, medium: r = 0.3–0.5, and large: r > 0.5. Bivariate correlations based on both individual raw data and delta percentages were also performed using the Spearman’s rho. For all tests, a p-value < 0.05 was considered statistically significant.





3. Results


3.1. Sample Selection


Recruitment began 19 March 2018 and closed on 9 April 2018. The final screening visit was on 4 May 2018. A total of 78 students were initially screened and 25 (32%) were finally included (33 subjects did not meet the following inclusion criteria: daily consumption of alcohol, tobacco, or other drugs, and cardiomyopathy and obstructive respiratory diseases; in addition, 20 subjects were excluded because they were taking academic exams at that moment). The participants’ characteristics are summarized in Table 1.




3.2. Graded Exercise Test


Table 1 shows the participants’ characteristics and performance variables measured during the graded exercise test. Mean VO2peak was 45.3 ± 9.3 mL/kg/min and mean power output at this point (pVO2peak) was 275.0 ± 48.9 W.




3.3. HIIT Session: Cardiovascular and RPE Responses


In session 2, all participants were able to complete the entire HIIT bout. Moreover, the state-anxiety scores (STAI) measured prior to HIIT were 17.50 ± 2.39, indicating low anxiety levels.



In general, HR showed a gradual increase during the HIIT-based intervention. HRmax increased from 146.6 ± 11.6 bpm to 177.8 ± 10.9 bpm whereas HRmean increased from 126.3 ± 11.5 bpm to 159.5 ± 14.2 bpm (Figure 1). RPE scores increased from 11.9 ± 2.3 points (first repetition) to 18.5 ± 1.8 points at the last interval (Figure 2).




3.4. Plasma ACTH and Cortisol Levels


As can be seen in Figure 3, plasma ACTH levels showed a significant increase from pre- to post-exercise situation, reaching peak values of 140.71 ± 107.26 pg/mL (CI 95%: −140.57 to −45.51; p < 0.001; r = 0.764). However, ACTH concentrations measured 30 min post-HIIT dropped significantly (78.79 ± 64.47 pg/mL; CI 95%: 17.91 to 88.21; p = 0.001, r = 0.666), but they were still higher than those observed in the pre-HIIT evaluation (46.82 ± 47.48 pg/mL; CI 95%: −62.17 to −0.12; p < 0.05, r = 0.418).



Figure 4 shows how plasma cortisol levels progressively increased from pre-HIIT (132.33 ± 35.88 ng/mL) to post-HIIT (181.41 ± 107.26 ng/mL; CI 95%: −79.44 to −29.61; p < 0.05, r = 0.716), reaching their highest levels 30 min post-HIIT (234.45 ± 109.63 ng/mL; CI 95%: −144.81 to −59.57; p < 0.001, r = 0.828).




3.5. Exercise-Induced Mood Changes


Figure 5 shows the results of POMS dimensions measured at the assessment time-points. T-A and D-D showed a similar trend since they decreased significantly from pre-HIIT to 30-min post-HIIT (CI 95%: 0.553 to 3.847, p = 0.036 and CI 95%: 0.333 to 2.787, p = 0.015, respectively). Unlike those dimensions, F-I and C-B increased significantly from pre-HIIT to post-HIIT (CI 95%: −8.624 to −4.256, p < 0.001 and CI 95%: −2.374 to 0.694, p = 0.030, respectively) but they decreased from post-exercise to 30-min post-exercise (CI 95%: 3.137 to 7.559, p < 0.001 and CI 95%: 0.402 to 3.946, p = 0.021, respectively). However, both A-H and V-A did not show significant changes throughout the three assessment time-points, although V-A scores measured at post-HIIT evaluation were the lowest.



On the other hand, and as it can be also observed in Figure 5, a significant iPOMS decrease was measured after HIIT (3.77 ± 2.99 and 2.42 ± 2.21 points for pre- and post-HIIT evaluation; CI 95%: 0.58 to 1.96; p = 0.002) showing a possible detrimental effect of intense exercise on mood. Although this effect could be explained by a slight decrease in V-A accompanied by significant increases in F-I and C-B observed in post-HIIT assessment time-point, the possibility of a harm effect of evident exercise-induced F-I increases on iPOMS scores must be taken into account for the future RCT study. This is especially significant when other POMS dimensions such as T-A, D-D, and A-H do not seem to be sensitive to high-intensity exercise.



Lastly, and considering the decreases in T-A, D-D, F-I, and C-B scores, iPOMS increased significantly after 30 min of recovery (CI 95%: −2.17 to −0.27; p = 0.009), reaching pre-exercise values.




3.6. Relationships between ACTH, Cortisol and Mood States


Using raw individual data, ACTH and cortisol plasma levels were negatively and significatively associated with V-A in pre-exercise situation (Rho = −0.436, p = 0.030, and Rho = −0.481, p = 0.015, respectively). In addition, ACTH and cortisol plasma levels were positively and significatively correlated with F-I (Rho = 0.620, p = 0.002, and Rho = 0.447, p = 0.032, respectively) and negatively and significatively with iPOMS (Rho = −0.482, p = 0.020, and Rho = −0.467, p = 0.025, respectively) in post-exercise situation. Moreover, ACTH showed a positive and significant relationship with C-B (Rho = 0.438, p = 0.037) at the same assessment time-point. Finally, a positive and significant correlation was observed between cortisol and C-B measured 30 min post-HIIT (Rho = 0.504; p = 0.001). On the other hand, using individual delta percentage of the difference between the assessment time-points, pre-post HIIT ACTH increases were inversely correlated with V-A decreases (Rho = −0.476, p = 0.022).





4. Discussion


One of the goals of this pilot study was to investigate the feasibility of using a HIIT-based intervention to induce neurophysiological stress responses that could be associated to possible changes in mood. Considering that all participants were able to complete the entire HIIT bout, the feasibility of our intervention can be stated. The intensity of the HIIT protocol used in this pilot study was set by the cycling power output at VO2peak, a physiological variable linked to exercise capacity. Thus, our protocol induced a remarkable increase in both HR and RPE, reaching values near to the maximum.



The ACTH response to HIIT-related stress was robust. As expected, the values found just at the end of the HIIT bout were significantly higher than those measured before exercise, reaching a percentage increase of up to 200%. Nevertheless, these values significantly decreased 30 min after exercise, reaching levels which were higher than those found before exercise (Figure 3). These results are in line with those previously obtained by other authors when analyzing ACTH responses after intense or exhausting exercises [6,28,29], although the magnitude of the increase was lesser than that observed in previous studies, which found increases of 550% after exhausting exercise on a cycle ergometer [30]. The use of different populations (males, females, or both; trained, recreational or sedentary subjects), age thresholds (young adults, adults, middle aged, or aged), and exercise protocols (intermittent or continuous; vigorous or exhausting; cycling, rowing, or running) could explain the differences in the magnitude of ACTH responses. For example, whereas Schulz et al. [6] evaluated 23 male trained rowers performing a continuous rowing exercise for 9 min at moderate-vigorous intensity, Van der Pompe et al. [28] analyzed 13 postmenopausal women undergoing an incremental exercise on cycle ergometer. Only McMorris et al. [29] and Marquet et al. [30] used healthy young males as participants; however, both studies were focused on ACTH responses to continuous exercises. Moreover, the inter-subject variability in ACTH secretion could play a key role in this respect. Although the CI of differences between pre- and post-exercise assessments were not indicated in these previous studies, we calculated them using the data from Schulz at al. [6]. Thus, the 95% CI range was estimated to be −49.21 to −24.77, much shorter than our CI for ACTH differences (−140.57 to −45.51). On the other hand, and although effect sizes were not reported, the remarkable ACTH responses to exercise observed in the mentioned studies could lead us to estimate large effect sizes, which are consistent with our findings.



Furthermore, it is not surprising that ACTH concentrations decreased 30 min after exercise since the half-life of this hormone in circulation is estimated at 22 min [31]. This trend coincides to that reported previously by other authors, who observed how ACTH plasma levels increased significantly after HIIT session and then decreased remarkably after 10 min of recovery [5,32]. Therefore, and in order to assess the ACTH time course, we can state the feasibility of evaluating ACTH plasma levels up to 30 min during recovery period.



Considering the dynamics of ATCH reported above, and the results obtained in previous studies [11,12,33,34], exercise-induced cortisol responses were to be expected. The magnitude of cortisol responses in our study (37% immediately after HIIT and 77% 30 min post-HIIT) was very similar to those observed in previous studies which reported increases of 31–300% in plasma levels of cortisol that were almost sustained to 1 h post-exercise [35,36]. One more time, differences in samples and exercise protocols used in these studies could explain the wide range of cortisol response magnitude. Additionally (and unfortunately), no data regarding CI and effect sizes are included in these manuscripts so it is difficult to discuss about both the potential inter-individual variability in cortisol responses and the magnitude of different exercise-based interventions, especially those based on HIIT protocols. Nevertheless, our data and those reported by Kujach et al. [35] lead us to consider large effect sizes when definitive RCT is conducted.



On the other hand, and considering that a large number of studies have utilized the POMS questionnaire to evaluate the acute effect of exercise on mood, it is easy to determine what areas of mood are the most positively influenced [37,38]. However, high-intensity exercise has been associated with few desirable changes in mood [38]. In fact, the results of our study showed a significant decrease of iPOMS after HIIT (both fatigue and confusion were significantly increased whereas vigor was slightly decreased) which is in line with the results reported in a recent study [39].



As it has been previously reported, affective responses decline as exercise intensity increases beyond the anaerobic threshold [40]. Moreover, several authors have stated that such responses could be influenced by two factors related to HIIT characteristics: the duration of exercise period and the exercise:recovery ratio [17]. Thus, HIIT based on longer exercise periods and imbalanced ratios (e.g., 1:0.5) have resulted in lower affective responses [41,42]. Nonetheless, our results contradict, in part, these hypotheses since we found a decrease in iPOMS after a single bout of HIIT, which was performed using a balanced ratio (1:1).



According with previous studies [43,44] and as we also expected, the 30-min recovery period after HIIT induced decreases in negative mood dimensions of POMS, increasing, consequently, the iPOMS score until reaching pre-exercise levels. Although our pilot study was not mainly focused on the effects of such recovery period on subjects’ ability to recover themselves after intense exercise, data regarding vigor, but especially fatigue, after exercise could serve as indicators of psychophysiological recovery status. Future studies should examine the feasibility of using these POMS dimensions to determine the efficacy of different recovery strategies after high-intensity exercise.



Nevertheless, one of the main findings of our pilot study was that the deleterious effect of HIIT on mood was sustained by the relationships observed between stress hormones (ACTH and cortisol) and POMS dimensions such as fatigue and confusion after intense exercise. To our knowledge, there are few studies that have examined these relationships; nevertheless, our results seem to be consistent with some of them [45,46], although these promising findings need to be confirmed in the definitive RCT.



Lastly, there are some limitations in our study that should be mentioned. As it was previously indicated, the pretest/posttest quasi-experimental design used here has methodological weaknesses that do not allow properly addressing causality. Nevertheless, this pilot study was conducted according to the CONSORT 2010 Statement (extension to randomized pilot and feasibility trials) [47] to gain experience in both delivering the intervention and assessing biochemical and psychological outcomes despite limited resources that were available at that time. Moreover, this pilot study allowed us to identify potential biases that could affect the treatment effect in the future definitive RCT. Some of them are recruitment-related biases; the recruitment period would be crucial since in this pilot study 20 subjects were excluded because they were taking academic exams (and they might be suffering for anxiety or stress). This could have implications for progression from pilot to future definitive trial. In fact, eligibility of the screened volunteers was lower than expected, indicating that both recruitment time and locations should be improved.



Moreover, stress associated with social evaluation threat or with blood sampling could affect significantly the outcomes of future RCT. To avoid these intervention biases it will be necessary (a) to evaluate the state-anxiety of subjects prior to each testing sessions, and (b) to apply distraction methods (e.g., distraction cards) during blood drawn in those participants who reported needle fear. Although in the present pilot study all reported state-anxiety levels were below the population median, it could be necessary to exclude from the analysis those participants who show high-levels of anxiety. Finally, measuring biases might be considered if iPOMS is used as mood states-related outcome. Although negative mood dimensions such as tension-anxiety, depression-dejection, anger-hostility, and confusion-bewilderment do not change after exercise, it would be possible that exercise-induced fatigue leads subjects to accentuate the fatigue-inertia dimension score, modulating in consequence the iPOMS score. Thus, if POMS is used, individualized analyses of each dimension are recommended. Additionally, the concurrent use of scales for estimating affective and enjoyment responses would allow us to obtain a more comprehensive understanding the potential role of high-intensity exercise in mood, affective feelings, and other related emotional states.



Our data reflect the activities of only one pilot trial; in fact, the sample characteristics may have also limited the generality of our findings. According to the characteristics of our HIIT-based intervention, we only used physically active male college volunteers, so the results are not generalizable to females or sedentary populations. However, we hope that the methods may serve as a template for analyzing other pilot studies with similar or different designs in other exercise-related settings.




5. Conclusions


According to the results obtained in this study, we can state that a single bout of HIIT increases the feelings of fatigue and confusion-bewilderment in healthy young males which could affect their mood states. This negative effect seems to be associated with HPA-axis activation and the increase of circulating levels of ACTH and cortisol. Future RCT studies should emphasize the influence of these stress hormones on HIIT mood responses by using specific ACTH or cortisol blockers and to evaluate the modulating effect of subjects’ exercise-related expectations, since in combination with the psychophysiological mechanisms involved in intense exercise, they could jointly determine the perceived and experienced psychological effects of exercise.







Author Contributions


Conceptualization, I.C.M.-D.; Methodology, I.C.M.-D. and L.C.; Laboratory testing, I.C.M.-D. and L.C.; Blood sampling and biochemical Analysis, L.C.; Data Analysis: I.C.M.-D.; Writing—Original Draft Preparation, I.C.M.-D. and L.C.; Writing—Review and Editing, I.C.M.-D.; Supervision, L.C. Both authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the PEIBA Ethics Committee (int. cod.: 1275-N-16) before the experiment was started (5 February 2017).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors gratefully acknowledge the technical support of the Sport Sciences Lab, University of Seville.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Helgerud, J.; Høydal, K.; Wang, E.; Karlsen, T.; Berg, P.; Bjerkaas, M.; Simonsen, T.; Helgesen, C.; Hjorth, N.; Bach, R.; et al. Aerobic high-intensity intervals improve VO2max more than moderate training. Med. Sci. Sports Exerc. 2007, 39, 665–671. [Google Scholar] [CrossRef]

	



Buchheit, M.; Laursen, P. High-intensity interval training, solutions to the programming puzzle. Sports Med. 2013, 43, 313–338. [Google Scholar] [CrossRef]

	



Henckens, M.J.; Wingen, G.A.; Joels, M.; Fernandez, G. Time-dependent effects of cortisol on selective attention and emotional interference: A functional MRI study. Front. Integr. Neurosci. 2012, 6, 66. [Google Scholar] [CrossRef]

	



Spencer, R.L.; Deak, T. A users guide to HPA axis research. Physiol. Behav. 2017, 178, 43–65. [Google Scholar] [CrossRef] [PubMed]

	



Meeusen, R.; Piacentini, M.F.; Van Den Eynde, S.; Magnus, L.; De Meirleir, K. Exercise performance is not influenced by a 5-HT reuptake inhibitor. Int. J. Sports Med. 2001, 22, 329–336. [Google Scholar] [CrossRef]

	



Schulz, A.; Harbach, H.; Katz, N.; Geiger, L.; Teschemacher, H. β-endorphin immunoreactive material and authentic β-endorphin in the plasma of males undergoing anaerobic exercise on a rowing ergometer. Int. J. Sports Med. 2000, 21, 513–517. [Google Scholar] [CrossRef] [PubMed]

	



Yamauchi, T.; Harada, T.; Kurono, M.; Matsui, N. Effect of exercise-induced acidosis on aldosterone secretion in men. Eur. J. Appl. Physiol. Occup. Physiol. 1998, 77, 409–412. [Google Scholar] [CrossRef] [PubMed]

	



Fragala, M.; Kraemer, W.J.; Denegar, C.R.; Maresh, C.M.; Mastro, A.M.; Volek, J.S. Neuroendocrine-Immune Interactions and Responses to Exercise. Sports Med. 2011, 41, 621–639. [Google Scholar] [CrossRef]

	



Rojas-Vega, S.; Struder, H.K.; Wahrmann, B.V.; Schmidt, A.; Bloch, W.; Hollmann, W. Acute BDNF and cortisol response to low intensity exercise and following ramp incremental exercise to exhaustion in humans. Brain Res. 2006, 1121, 59–65. [Google Scholar] [CrossRef]

	



Tanner, A.V.; Nielsen, B.V.; Allgrove, J. Salivary and plasma cortisol and testosterone responses to interval and tempo runs and a bodyweight-only circuit sesión in endurance-trained men. J. Sports Sci. 2014, 32, 680–690. [Google Scholar] [CrossRef]

	



Hough, J.P.; Papacosta, E.; Wraith, E.; Gleeson, M. Plasma and salivary steroid hormone response of men to high-intensity cycling and resistance exercise. J. Strength Cond. Res. 2011, 25, 23–31. [Google Scholar] [CrossRef]

	



Vuorimaa, T.; Ahotupa, M.; Hakkinen, K.; Vasankari, T. Different hormonal response to continuous and intermittent exercise in middle-distance and maratón runners. Scand. J. Med. Sci. Sports 2008, 18, 565–572. [Google Scholar] [CrossRef] [PubMed]

	



Gerber, M.; Minghetti, A.; Beck, J.; Zahner, L.; Donath, L. Sprint Interval Training and Continuous Aerobic Exercise Training Have Similar Effects on Exercise Motivation and Affective Responses to Exercise in Patients With Major Depressive Disorders: A Randomized Controlled Trial. Front. Psychiatry 2018, 9, 694. [Google Scholar] [CrossRef] [PubMed]

	



Saanijoki, T.; Nummenmaa, L.; Koivumäki, M.; Löyttyniemi, E.; Kalliokoski, K.K.; Hannukainen, J.C. Affective adaptation to repeated SIT and MICT protocols in insulin-resistant subjects. Med. Sci. Sports Exerc. 2018, 50, 18–27. [Google Scholar] [CrossRef] [PubMed]

	



Stork, M.J.; Gibala, M.J.; Martin-Ginis, K.A. Psychological and behavioral responses to interval and continuous exercise. Med. Sci. Sports Exerc. 2018, 50, 2110–2121. [Google Scholar] [CrossRef] [PubMed]

	



Teixeira, P.J.; Carraca, E.V.; Markland, D.; Silva, M.N.; Ryan, R.M. Exercise, physical activity, and self-determination theory: A systematic review. Int. J. Behav. Nutr. Phys. Activ. 2012, 9, 78. [Google Scholar] [CrossRef] [PubMed]

	



Oliveira, B.R.R.; Oliveira, B.R.R.; Santos, T.M.; Kilpatrick, M.; Pires, F.O.; Deslandes, A.C. Affective and enjoyment responses in high intensity interval training and continuous training: A systematic review and meta-analysis. PLoS ONE 2018, 13, e0197124. [Google Scholar]

	



Di Corrado, D.; Agostini, T.; Bonifazi, M.; Perciavalle, V. Changes in mood states and salivary cortisol levels following two months of training in elite female water polo players. Mol. Med. Rep. 2014, 9, 2441–2446. [Google Scholar] [CrossRef]

	



Schelling, X.; Calleja-González, J.; Terrados, N. Variación de la testosterona y el cortisol en relación al estado de ánimo en jugadores de baloncesto de élite. Rev. Int. Cienc. Deporte 2013, 34, 342–359. [Google Scholar] [CrossRef]

	



Kilian, Y.; Engel, F.; Wahl, P.; Achtzehn, S.; Sperlich, B.; Mester, J. Markers of biological stress in response to a single session of high-intensity interval training and high-volume training in young athletes. Eur. J. Appl. Physiol. 2016, 116, 2177–2186. [Google Scholar] [CrossRef]

	



Lopes, A.; de Toledo, R.A.G.; Luksevicius, R.; Fernandes, A.; Miranda, J.M.Q.; Teixeira, C.V.L.S.; Lopes, C.R.; Bocalini, D.S. Effects of high-intensity calisthenic training on mood and affective responses. J. Exerc. Physiol. 2017, 20, 15–23. [Google Scholar]

	



Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395. [Google Scholar] [CrossRef]

	



McNair, D.M.; Lorr, M.; Droppleman, L.F. Manual for the Profile of Mood States; Educational and Industrial Testing Services: San Diego, CA, USA, 1971. [Google Scholar]

	



Borg, G.A. Psychophysical bases of perceived exertion. Med. Sci. Sport Exerc. 1982, 14, 377–381. [Google Scholar] [CrossRef]

	



Fontani, G.; Lodi, L.; Migliorini, S.; Corradeschi, F. Effect of Omega-3 and policosanol supplementation on attention and reactivity in athletes. J. Am. Coll. Nutr. 2009, 28, 473–481. [Google Scholar] [CrossRef]

	



Spielberger, C.D. Manual for the State-Trait Anxiety Inventory: STAI (Form I); Consulting Psychologists Press: Palo Alto, CA, USA, 1983. [Google Scholar]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Earlbaum Associates: Hillsdale, MI, USA, 1988. [Google Scholar]

	



Van der Pompe, G.; Bernards, N.; Kavelaars, A.; Heijnen, C. An exploratory study into the effect of exhausting bicycle exercise on endocrine and immune responses in post-menopausal women: Relationships between vigour and plasma cortisol concentrations and lymphocyte proliferation following exercise. Int. J. Sports Med. 2001, 22, 447–453. [Google Scholar] [CrossRef] [PubMed]

	



McMorris, T.; Davranche, K.; Jones, G.; Hall, B.; Corbett, J.; Minter, C. Acute incremental exercise, performance of a central executive task, and sympathoadrenal system and hypothalamic-pituitary-adrenal axis activity. Int. J. Psychophysiol. 2009, 73, 334–340. [Google Scholar] [CrossRef] [PubMed]

	



Marquet, P.; Lac, G.; Chassain, A.P.; Habrioux, G.; Galen, F.X. Dexamethasone in resting and exercising men. I. Effects on bioenergetics, minerals and related hormones. J. Appl. Physiol. 1999, 87, 175–182. [Google Scholar] [CrossRef] [PubMed]

	



Veldhuis, J.D.; Iranmanesh, A.; Naftolowitz, D.; Tatham, N.; Cassidy, F.; Carroll, B.R. Corticotropin secretory dynamics in humans under low glucocorticoid feedback. J. Clin. Endocrinol. Metab. 2001, 86, 5554–5563. [Google Scholar] [CrossRef] [PubMed]

	



Peak, J.M.; Tan, S.J.; Markworth, J.F.; Broadbent, J.A.; Skinner, T.L.; Cameron-Smith, D. Metabolic and hormonal responses to isoenergetic high-intensity interval exercise and continuous moderate-intensity. Am. J. Physiol. Endocrinol. Metab. 2014, 307, E539–E552. [Google Scholar] [CrossRef] [PubMed]

	



Kraemer, W.J.; Ratamess, N.A. Hormonal responses and adaptations to resistance exercise and training. Sports Med. 2005, 35, 339–361. [Google Scholar] [CrossRef]

	



Schwarz, L.; Kindermann, W. Beta-endorphin, adrenocorticotropic hormone, cortisol and catecholamines during aerobic and anaerobic exercise. Eur. J. Appl. Physiol. Occup. Physiol. 1990, 61, 165–171. [Google Scholar] [CrossRef]

	



Ratamess, N.A.; Kraemer, W.J.; Volek, J.S.; Maresh, C.M.; VanHeest, J.L.; Sharman, M.J.; Rubin, M.R.; French, D.N.; Vescovi, J.D.; Silvestre, R.; et al. Androgen receptor content following heavy resistance exercise in men. J. Steroid Biochem. Mol. Biol. 2005, 93, 35–42. [Google Scholar] [CrossRef]

	



Kujach, S.; Olek, R.A.; Byun, K.; Suwabe, K.; Sitek, E.J.; Ziemann, E.; Laskowski, R.; Soya, H. Acute sprint interval exercise increases both cognitive functions and peripheral neurotrophic factors in humans: The possible involvement of lactate. Front. Neurosci. 2020, 13, 1455. [Google Scholar] [CrossRef]

	



Basso, J.C.; Suzuki, W.A. The effects of acute exercise on mood, cognition, neurophysiology, and neurochemical pathways: A review. Brain Plast. 2017, 2, 127–152. [Google Scholar] [CrossRef] [PubMed]

	



Berger, B.G.; Motl, R.W. Exercise and mood: A selective review and synthesis of research employing the profile of mood states. J. Appl. Sport Psychol. 2000, 12, 69–92. [Google Scholar] [CrossRef]

	



Selmi, O.; Haddad, M.; Majed, L.; Ben Khalifa, W.; Hamza, M.; Chamari, K. Soccer Training: High-Intensity Interval Training Is Mood Disturbing While Small Sided Games Ensure Mood Balance. J. Sports Med. Phys. Fit. 2019, 58, 1163–1170. [Google Scholar]

	



Parfitt, G.; Rose, E.A.; Burgess, W.M. The psychological and physiological responses of sedentary individuals to prescribed and preferred intensity exercise. Br. J. Health Psychol. 2006, 11, 39–53. [Google Scholar] [CrossRef]

	



Oliveira, B.R.; Slama, F.A.; Deslandes, A.C.; Furtado, E.S.; Santos, T.M. Continuous and high-intensity interval training: Which promotes higher pleasure? PLoS ONE 2013, 8, e79965. [Google Scholar] [CrossRef] [PubMed]

	



Martinez, N.; Kilpatrick, M.W.; Salomon, K.; Jung, M.E.; Little, J.P. Affective and enjoyment responses to high-intensity interval training in overweight-to-obese and insufficiently active adults. J. Sport Exerc. Psychol. 2015, 37, 138–149. [Google Scholar] [CrossRef]

	



Hall, E.E.; Ekkekakis, P.; Petruzzello, S.J. The affective beneficence of vigorous exercise revisited. Br. J. Health Psychol. 2002, 7, 47–66. [Google Scholar] [CrossRef]

	



Crush, E.A.; Frith, E.; Loprinzi, P.D. Experimental effects of acute exercise duration and exercise recovery on mood state. J. Affect. Disord. 2018, 229, 282–287. [Google Scholar] [CrossRef] [PubMed]

	



Kraemer, R.R.; Dzewaltowski, D.A.; Rinehard, K.F.; Castracane, V.D. Mood alteration from treadmill running and its relationship to beta-endorphin, corticotropin, and growth hormone. J. Sports Med. Phys. Fit. 1990, 30, 241–246. [Google Scholar]

	



Garcia, J. Association of Exercise Induced Salivary Cortisol Levels to Exertional Perception and Affect. Ph.D. Thesis, University of Pittsburgh, Pittsburgh, PA, USA, 2008. [Google Scholar]

	



Eldridge, S.M.; Chan, C.L.; Campbell, M.J.; Bond, C.M.; Hopewell, S.; Thabane, L.; Lancaster, G.A.; PAFS Consensus Group. CONSORT 2010 statement: Extension to randomised pilot and feasibility trials. BMJ 2016, 355, i5239. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 07320 g001 550] 





Figure 1. Dynamics of maximal and mean heart rates during HIIT intervention. Error bars represent standard deviations. HRmax = maximal heart rate; HRmean = mean heart rate; bpm = beats per minute; HIIT = high-intensity interval training. n = 25. 
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Figure 2. RPE scores during HIIT intervention. Error bars represent standard deviations. RPE = rates of perceived exertion; HIIT = high-intensity interval training. n = 25. 
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Figure 3. Plasma ACTH concentrations (pg/mL) measured pre-, immediately after (post), and 30-min post HIIT (post 30-min). Error bars represent standard deviations. * p < 0.05 and *** p < 0.001 compared to pre-HIIT; ### p < 0.001 compared to post 30-min. n = 25. 
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Figure 4. Plasma cortisol concentrations (ng/mL) measured pre-, immediately after (post), and 30-min post HIIT (post 30-min). Error bars represent standard deviations. *** p < 0.001 compared to pre-HIIT values; # p < 0.05 compared to post-HIIT values. n = 25. 
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Figure 5. POMS scores measured at the assessment time-points (session 2). Data are presented as mean (n = 25). T-A = tension-anxiety; D-D = depression-dejection; A-H = anger-hostility; V-A = vigor-activity; F-I = fatigue-inertia; C-B = confusion-bewilderment; iPOMS = Profile of Mood States Index. 
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Table 1. General characteristics of subjects and results from the graded exercise test (session 1).






Table 1. General characteristics of subjects and results from the graded exercise test (session 1).










	
	Mean
	sd





	Subjects’ characteristics (n = 25)
	
	



	Age (yr)
	21.7
	2.1



	Height (cm)
	177
	6.1



	Weight (Kg)
	72.6
	8.4



	BMI (Kg/m2)
	23.1
	1.4



	Body fat (%)
	13.4
	3.6



	IPAQ-total score (MET/min/wk)
	5877.6
	1668.2



	Graded Exercise Test
	
	



	Time to exhaustion (min)
	13.6
	1.8



	HRmax (bpm)
	181.5
	8.4



	VO2peak (mL/kg/min)
	45.3
	9.3



	pVO2peak (W)
	275.0
	48.9







BMI = body mass index; HRmax = maximal heart rate; VO2peak = peak oxygen consumption; pVO2peak = cycling power corresponding; sd = standard deviation.
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