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Abstract

Catecholamines [adrenaline (A) and noradrenaline (NA)] are known to stimulate glucose 

metabolism at rest and in response to maximal exercise. However, training and recovery mode can 

alter theses hormones. Thus our study aims to examine the effects of recovery mode during High-

intensity Interval Training (HIIT) on glucoregulatory hormone responses to maximal exercise in 

young adults. Twenty-four male enrolled in this randomized study, assigned to: control group (eg, 

n=6), and two HIIT groups: intermittent exercise (30 s run/30 s recovery) with active (arg, n=9) or 

passive (prg, n=9) recovery, arg and prg performed HIIT 3 times weekly for 7 weeks. Before and 

after HIIT, participants undergo a Maximal Graded Test (MGT). Plasma catecholamines, glucose, 

insulin, growth hormone (Gh) and cortisol were determined at rest, at the end of MGT, after 10 

and 30 min of recovery. After training V02max and Maximal Aerobic Velocity (MAV) increased 

significantly (p<0.05) in arg. After HIIT and in response to MGT plasma glucose increase 

significantly (p=0.008) lesser in arg compared to prg whereas insulin concentrations were similar. 

The glucose/insulin ratio was significantly lower at MGT end (p=0.033) only in arg after training. 

After HIIT, in response to MGT, plasma A, NA, cortisol and Gh concentrations were significantly 

higher only in arg (p<0.05). HIIT using active recovery is beneficial for aerobic fitness, plasma 

glucose and glucoregulatory hormones better than HIIT with passive recovery. These findings 

suggest that HIIT with active recovery may improve some metabolic and hormonal parameters in 

young adults.
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Introduction

In the scientific literature related to exercise physiology, to improve aerobic fitness, it is well 

known that intermittent running exercise (Interval training, IT) represents an effective 

method [1]. Longitudinal studies have demonstrated its effectiveness in improving maximal 

oxygen uptake (VO2max) [2–4] as this type of training allows a high level of VO2 to be 

elicited by an individual [5].

It is influenced by several factors such as intensity and duration of exercise and recovery, 

with or without series (e.g. A number of repetitions interspersed by a relatively long 

recovery) and the recovery mode (passive vs. active recovery). Concerning the latter factor, 

recently Ben abderrahman et al. [2,3] demonstrated that an it program (30 s running at 100% 

of Maximal Aerobic Velocity (MAV)-30 s recovery, 3 times a week for 7 weeks) with active 

recovery is more efficient with respect to passive recovery to increase aerobic fitness (e.g. 

VO2max) and MAV. The same results were also observed by Dorado et al. [6] using another 

it program. Considerable information is available concerning the physiological adaptations 

responsible for the improvements in endurance performance observed following high- 

intensity it in sedentary and recreationally trained individuals [7]. In contrast, relatively little 

is known concerning the hormonal glucoregulation changes that occur following high- 

intensity it and its implication on the potential increase of performance. Since, it is well 

known that muscle and liver glycogen are the major endogenous energy sources for 

intermittent exercise and reductions of muscle glycogen reduces endurance performance and 

impairs high intensity exercise capacity [8].

On the other hand, it is well established that, the nervous and endocrine systems are 

important mediators of the body’s physiological adjustment in response to a variety of 

physical, environmental and behavioral stressors [9]. For example, under stress conditions, 

the hypothalamus controls many hormone secretions in order to adjust glucose (Glu) 

metabolism and energy production. To this end, Glu secretion and uptake are under the 

control of nervous and especially hormonal factors as catecholamines, Cortisol (C), 

glucagon, Growth Hormone (Gh) and Insulin (Ins) [10].

On that context, catecholamines, Adrenaline (A) and Noradrenaline (NA) are known as 

stress hormones and are responsible for many adaptive processes both at rest and during 

exercise [11]. In fact these hormones are known to affect the regulation of intermediary 

metabolism, affecting Glu production and muscle glycogen mobilization, all of which affect 

exercise metabolism and performance [9,11]. Sympatho-adrenergic activity is influenced by 

several factors, especially by acute exercise and chronic training. Recently, Ben 

abderrahman et al. [2] demonstrated that it with active recovery in comparison to passive 

recovery induces a significant increase of A and NA concentrations in response to maximal 

exercise. Hence, they observed that this type of training is also accompanied by an increase 

of the adrenal medulla responsiveness to the sympathetic nervous activity as shown by the 

Abderrahman et al. Page 2

J Athl Enhanc. Author manuscript; available in PMC 2018 September 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



significant increase of the ratio A/NA only in active recovery group. Despite the importance 

of the Glu energy supply for athletic performance as well as its regulation, little is known 

about the effect of it exercises on glucoregulatory hormone responses and especially the 

effect of recovery mode, active vs. passive recovery and to the best of our knowledge no 

study has investigated the effects of the type of recovery (active vs. passive) on 

glucoregulation during exercise. Consequently, the aim of this longitudinal study was to 

compare before and after a seven week High-Intensity It (HIIT) program, and the effects of 

the recovery mode (active vs. passive) on glucoregulatory hormones and physical 

performances. We hypothesize that Glu metabolism regulation in response to maximal 

exercise will be different depending on recovery mode after the HIIT program.

Materials and methods

Participants

Twenty-four male physical education students volunteered to participate in this study. 

Participants were assigned in randomized order to a control group (cg, n=6), and two HIIT 

groups: intermittent exercise (30 sie) with active (arg, n=9) or passive recovery (prg, n=9). 

Their age and physical characteristics measured before and after training are displayed in 

Table 1. All subjects were well trained, but none were specialized in middle- or long-

distance running, none had ever practiced interval exercises as a training program, and none 

had undergone any it for 3 months before this study. They practice several sports (soccer, 

judo, swimming, athletic events) in their institute of physical and sports education for 

several hours a week (8-12 h/wk).

The subjects were informed of the procedures and purposes of the study and written 

informed consent was obtained. Prior to testing, the participants underwent a medical 

examination and were fully informed about the experimental procedures. Written informed 

consent was obtained from all participants in accordance with the international ethical 

standards. The whole experimental process was conducted in accordance with the guidelines 

of the ethical committee of the university of rennes 2, a signed accord which had approved 

the experimental protocol and the procedures involved was prearranged by all participants in 

the study.

Experimental design

The experimental procedures were similar to that our previous studies [2, 3]. Before the 

training period, all subjects visited the laboratory for a familiarization session with all the 

material of the experiment. During this session they underwent a complete clinical and 

electrocardiological examination. Anthropometric measurements were performed before and 

after the training period by a researcher trained in anthropometric assessment.

All participants performed a maximal graded exercise test (MGT; see below) to determine 

their VO2max and their maximal aerobic velocity (MAV) before and after the 7-week training 

program. The MGT took place in the morning after a standardized breakfast (10 kcal/kg 

which 55% came from carbohydrates, 33% from lipids and 12% from proteins). During the 

mgt, respiratory gas exchange was measured breath-by-breath using a calibrated portable 
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telemetric system (cosmed k4b2, Rome, Italy). Heart rate (HR) was continuously monitored 

(polar electro, kempele, Finland) with 5s interval recording. The subjects of the arg and prg 

performed another MGT (without expired gas measurement) at the mid of the seven weeks 

of high-intensity interval training program (Swhitp) to assess MAV and to update the 

training speeds.

Atmospheric conditions were verified before each test, making sure that all sessions were 

carried out under similar environmental conditions (temperature ranges from 14 to 20°c, 

speed of wind<2m.s−1 and humidity ranges from 50 to 70%).

Maximal graded test [12]

This MGT tests was carried out on 200 m outdoor tartan track (of which 60 m indoors) 

calibrated with cones. Blue cones were set at 50 m intervals along the track (inside the first 

line) while red cones were set 2 m behind the blue cones. The running pace was set by an 

examiner, equipped with a whistle and a chronometer, which made a short sound when the 

subject had to pass by a cone to be able to maintain a constant speed. At each sound, the 

subject had to be within 2 m of the blue cones. When subjects were behind a red cone three 

consecutive times or when the subjects stopped the exercise, judging themselves exhausted, 

the test ended. The initial speed was 8 km.h−1 and was increased by 1 km.h−1 every 2 min. 

The velocity at the last completed stage was considered as MAV. If the velocity at 

exhaustion was only maintained for 1 min (half of the stage duration), then MAV was 

considered to be equal to the velocity during the previous stage plus 0.5 km.h−1 [14]. During 

the test, the subjects were verbally encouraged to run for as long as possible.

Training program

Only trained groups (arg and prg) participated to an intermittent training program 3 times a 

week during the 7 week program (Table 2). The training sessions were exclusively 

composed of Intermittent Exercise (30 s/30 s ie) and were performed outside on a 400-m 

track. All sessions included three different periods. The session started with the warm-up 

including 15 min of continuous jogging, followed by 5 min of stretching exercises and 5 

short bursts of accelerations. Then, the subjects executed the IE session. Subjects were 

divided into several groups according to their MAV values and so distances to be covered in 

IE. This distribution was done in order to reduce subjects’ number per IE session. During the 

recovery period, a loud sound was made at mi-period (15 s) to inform the subjects of the 

remaining time for the end of recovery. At the end of the training session subjects cooled 

down for about 15 min, running at low intensity and performing static stretching. At the 

midpoint of the training program, the trained groups performed a MGT (without respiratory-

gas-exchange measurements) to assess maximal aerobic velocity to update each subject’s 

training speed. All training sessions were supervised by two members of our laboratory. 

Progressive overload was applied weekly by increasing the number and/or the intensity of IE 

repetition in a session (Table 2). During this period cg did not participated to any physical 

training program.
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Blood sampling

Blood samples were obtained from an antecubital vein at rest, at the end of the MGT, after 

10 and 30 min of recovery, both before and after training. Before the beginning of sampling 

and upon arrival, each subject lied down and a heparinized catheter (insyte-w, 1.1 mm o.d. × 

30 mm) was inserted into an antecubital vein and thereafter the first blood sample (10 ml) 

was drawn. Standardization of the position critical, hence, participant remained in sitting 

position for 15 min prior to first blood collection (rest position) [15]. Collected samples 

using EDTA tubes and were measurement for plasma Glu, Insulin (Ins), Adrenaline (A), 

noradrenaline (NA), growth hormone (Gh) and cortisol (C). Plasma glucose was assayed by 

the glucose oxidise method (boehringer mannheim kit, meylan, France). The sensitivity of 

the assay was 0.12 mmol.l-1 and the coefficient of intra-assay variation was 2.4%. Plasma 

insulin was determined by RadioImmunoassay (RIA) using a specific kit (cis bio 

international, orisindustrie sa, France). The detection limit of insulin in the described method 

was 2μu.ml−1 and the interassay coefficient of variation was 5.5%. Plasma catecholamine 

concentrations were measured by high-performance liquid chromatography 

(chromosystems, thermofinnigan, France), following the method of Koubi et al. [16]. The 

detection limit of catecholamine in the described method was 0.06 nmol.l−1 and the 

interassay coefficient of variation was 6.4%. Plasma Gh and C were determined in duplicate 

in a single assay using commercially prepared ria kits (gammacoat [125i], diasorin, stillwater, 

mn). Lower limits of detection for Gh and C were 0.4 ng/ml and 0.2 μg/dl, respectively. The 

intra- assay coefficients of variation were 10.5% and 6% for Gh and C, respectively. Blood 

lactate concentration was determined enzymatically using a lactate analyser (microzym, 

cetrix, France). All the plasma concentrations were corrected taking into account the plasma 

volume variations [17].

Statistical analysis

Data were expressed as mean values ± Standard Deviation (SD). Sigma stat 3.10 software 

(SPSS, Chicago, il, USA) was used for statistical analysis. After testing for normal 

distribution (kolmogorov–smirnov test), differences within and between the groups were 

analysed using a two-way analysis of variance for repeated measurements. After confirming 

significant group differences over time, post-hoc Newman-keul’s tests were performed. 

Linear regression analyses were used to assess the independent contribution of adrenaline, 

noradrenaline and lactate to incident VO2max values. Relationships between parameters were 

assessed using a spearman’s rho correlation. A value of p<0.05 was accepted as the minimal 

level of statistical significance.

Results

Table 1 showed the morphological characteristics and the physiological responses to the 

graded maximal exercise measured before and after Swhitp. The participants of arg and prg 

were heavier than the cg subjects both before and after the training period (p<0.05 and 0.01, 

respectively, for arg and prg). However, this training program induced no significant effects 

on morphological characteristics. Before the Swhitp there were no significant differences 

between the 3 groups concerning mav and VO2max. However, our training program induced 

a significant increase (p<0.05) for these two parameters in only the arg. Glucose and insulin 
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variation in response to the MGT before and after the training period plasma Glu and Ins 

concentrations determined at rest, at the end of the MGT, and after 10 and 30 min of 

recovery, before and after the Swhitp are presented in Table 3 and 4 respectively. Plasma Glu 

concentration increased significantly at the end of exercise and remained higher after 10 min 

of recovery in all groups both before and after training. No significant differences were 

observed between our three groups (p>0.05). However, after the training period and in 

response to MGT plasma Glu increase significantly (p=0.008) slightly less in arg (−0.65 

± 1.64) than prg (− 0.22 ± 1.15) as demonstrated by the delta results.

Plasma Ins determined at rest (Table 4) was similar between the three groups before and 

after Swhitp. In response to MGT and during the recovery period plasma Ins concentration 

increased significantly (p<0.05) both before and after the training period. Plasma Ins 

concentration measured 10 min after the end of MGT was more important after Swhitp with 

an increase of 9.03 ± 6.48 in arg and 0.89 ± 4.62 in prg.

Ratio (Glu/Ins)

Ratio (Glu/Ins) determined at rest, at the end of the maximal grated test, after 10 and 30 min 

recovery, before and after the Swhitp are presented in Table 5. The ratio was significantly 

lower at the end of exercise (p=0.033) and remained decrease at 10 min of recovery 

(p=0.028) only in arg after training. No significant differences were observed in either the 

prg or cg after the training program.

Cortisol variation in response to the MGT before and after the training period.

Plasma C concentrations determined at rest, at the end of the MGT, and after 10 and 30 min 

of recovery, both before and after the Swhitp and are presented in Table 6.

The MGT induced a significant increase of plasma c values determined at the end of MGT, 

after 10 min and 30min of recovery compared to basal values for the three groups (arg, prg 

and cg), both before and after the Swhitp. Before training, plasma c concentrations 

determined at rest, at the end of the exercise and after 10 and 30 min of recovery were 

similar between the 3 groups. As shown by the delta values, in response to the Swhitp, 

plasma c concentration was significantly higher only in arg at the end of exercise (+ 20.50 

± 87.06; p 0.046), after 10 min (+ 55.00 ± 86.51; p=0.034) and after 30 min of recovery 

(+ 30.00 ± 65.79; p=0.042).

Growth hormone (Gh) variation in response to the MGT before and after the training period.

Plasma Gh concentrations measured at rest, at the end of the MGT, and after 10 and 30 min 

of recovery, before and after the swhitp are displayed in Table 7.

Plasma Gh concentrations were similar in response to the MGT between the three groups. 

[Gh] increased significantly at the end of the MGT and during the recovery period. As 

shown by the delta values, in response to the Swhitp, [Gh] measured at the end of exercise 

(p=0.000) and after 10 (p=0.001) and 30 min of recovery (p=0.001) was significantly higher 

only in arg.
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Adrenaline (A) and Noradrenaline (NA) variation in response to the MGT before and after 
the training period

Plasma A and NA concentrations determined at rest, at the end of the MGT, and after 10 and 

30 min of recovery, before and after the Swhitp are presented in Figure 1a and Figure 1b, 

respectively. The MGT induced a significant increase of plasma A values determined at the 

end of the test for the 3 groups, arg (p<0.01), prg (p<0.01) and cg (p<0.05), both before and 

after the training period. Before training, plasma A concentrations determined at rest, at the 

end of the exercise and after 10 and 30 min of recovery was similar between the 3 groups. 

However, after Swhitp, plasma A determined immediately at the end of the MGT were 

significantly higher in arg compared to prg and cg (p<0.05). Before and after the Swhitp 

plasma NA increased significantly (p<0.05) in all groups after the MGT. Plasma NA 

measured immediately at the end of the MGT, was significantly higher in arg compared to 

prg (p<0.05) and cg (p<0.05) only after the Swhitp.

Discussion

The main finding of this study is 7-week of HIIT with active recovery induced a more 

significant improvement than passive recovery in plasma Glu and glucoregulatory hormones 

after the MGT. This improved glucoregulation observed after the training period in arg was 

concomitant to an improvement of their aerobic fitness.

Effect of intermittent training on indices of aerobic fitness (MAV and VO2max)

Following 7-week HIIT, indices of aerobic performance (MAV and VO2max expressed in 

absolute and relative to body mass values) were significantly increased in arg, but not in prg. 

These findings agree with the literature [2,3,18]. These studies confirmed the effect of HIIT 

program on aerobic performance indices. Our results also confirmed those observed in our 

laboratory and in response to the same training program as previously reported [3]. 

Similarly, Burke et al. [4] observed in moderately trained women a significant increase of 

VO2max after a 7-week HIIT program (4 times per week). In fact, several studies observed 

improvements in both MAV and VO2max after only 4 weeks of such training [19,20].

However, this significant improvement of MAV, regardless of the recovery mode and after 

only 3.5 weeks of HIIT, was consistent with that of Billat et al. [19] and Denadai et al. [20] 

in highly trained runners and with that of Billat et al. [21] and Heubert et al. [22] in physical 

education students. In addition, before or after the training period, the MGT induced 

significant increase in [la] for all our three groups. The Swhitp did not seem to influence the 

[la] evolution in response to MGT. This finding might be explained by a less demand of 

anaerobic metabolism during endurance training mode [23] compared to resistance or sprint 

training.

Effect of intermittent training on catecholamine responses

Plasma A and NA concentrations increased in response to maximal exercise in all the groups 

before and after the Swhitp. Plasma A and NA concentrations measured in the present study 

in all groups at the end of the maximal exercise were higher than those measured in other 

studies in response to short sprint exercise [24] as well as intermittent exercise [25]. The 
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present study showed that arg subjects exhibited significantly higher A and NA response at 

the end of MGT than cg and prg after Swhitp. The same results were also observed in our 

laboratory by Ben abderrahman et al. [2, 3] in response to the same training program. This 

has been explained by the fact that intermittent exercise training with active recovery (i.e., 

arg) is more intense and might induce more stress, which could lead to an increase of 

catecholamine secretion. Differences observed between arg and prg could also be explained 

by differences in the duration of the MGT performed after the Swhitp. However, after the 

training program arg performed only ~1 min longer than prg during the mgt. Effect of 

intermittent training on the cortisol responses before and after training, the resting plasma C 

concentrations for the three groups were similar. These findings agree with the available 

literature data [25,26], which did not showed any significant changes between the total C/

free C ratio levels at rest among endurance trained and sedentary subjects. Indeed, the 

availability of c did not increase in endurance- trained subjects [26]. However, other studies 

observed an increase in basal plasma C in highly trained athletes [29]. In our study, plasma 

C concentrations increased significantly at the end of the maximal exercise. These findings 

are in accordance with literature data [30,31]. In fact, the C level was more important in 

response to higher intensity and duration of exercise. It was observed that plasma C level 

remained elevated after 30 min of recovery. Generally, in response to intense and prolonged 

exercise, C concentration level remained higher than basal values for at least 120 to 150 min 

after the exercise. In response to Swhitp, the C responses were relatively similar except in 

the active recovery group, the concentration of this hormone remained very elevated at 30 

min of recovery.

Effect of intermittent training on the Gh responses

In the current study, in response to maximal exercise plasma Gh concentrations increased 

significantly in all our three groups. However, no significant differences were observed in 

response to the Swhitp. These results agree with several studies [26,32]. In the same context, 

Sasaki et al. [33] study examined the effects of a HIIT program on exercise-induced Gh 

responses. This study did not show any significant change in Gh secretion after this Swhitp. 

Moreover, many studies do not show any training effect on the total Gh secretion over 24 

hours. However, Bloom et al. [34] comparing Gh responses between trained and sedentary 

cyclists found that sedentary subjects increased their plasma Gh concentration more than the 

trained subjects. These authors also observed that at the end of the exercise, plasma Gh 

concentration was dropped in trained cyclists while it continued to increase in sedentary 

subjects. In our study, the Gh levels remained elevated during recovery, which could be 

explained by an exercise-related Gh secretion that was prolonged during recovery phase. 

Nevill et al. [34] observed that upon stopping a 30s sprint the plasma Gh concentration was 

10 times higher than that observed at rest. Other authors have shown that after 10 min of a 

race at 70% VO2max, the Gh secretion peak was observed after 30 min of recovery. After 3 

sets of resistance exercises (of 6 exercises performed at 80% of the maximum repeat 

capacity), Gh was 31 times greater than its resting concentration at the end of exercise and 

stilled increasing during 60 min after exercise (at 60th min, the plasma concentration of Gh 

remained 2.8 times higher than its resting concentration according to Murray et al. [36].
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Effect of intermittent training on the glucose and insulin responses

In our study the resting plasma Glu and Ins concentrations were similar in the trained and 

untrained groups. Previous studies showed that physical training reduced rest serum Ins level 

[37–39]. Thus our results may be explained perhaps by the training duration, which might 

not have been enough to reduce Glu and Ins resting concentrations. In response to MGT, 

there was an increase in Ins responses that occurred with a slight time lag relative to the 

exercise-induced plasma Glu enhance. This appears to be a classical result, allowing Ins to 

restore basal Glu values through stimulation of Glu movement into cells (insulin-sensitive 

cells such as muscles via glut4). This Glu input stimulated by Ins secretion allows the re-

synthesis of the glycogen stores. In response to our training program only arg decreased 

their circulating glucose levels in response to maximal exercise. Such findings are possibly 

due to several physiological adaptations (i.e., Ins sensitivity and glucose transport) to 

intensive training. These results agree with others [34,37,40]. In fact, it is usually 

demonstrated that endurance training decreased circulating Glu both at rest and in response 

to exercise. However, it is important to note that this decrease was seen only in arg and not 

in prg in our study. The lower Glu levels measured in arg could be explained either by 

decreased hepatic glucose production (HGP) or increased muscle glucose uptake (MGU) 

following the Swhitp. However, during intense exercise, HGP is primarily controlled by A, 

C and Gh [41]. In response to maximal exercise, arg had higher A and C levels after the 

training period. Therefore, endurance interval training with active recovery is more likely to 

increase HGP than to decrease it. Training intensity plays a major role in stimulating 

hyperglycemic hormones. In fact, it has been demonstrated that intense training (30 s 

maximal effort exercises) increases C levels at rest and during exercise [42]. In addition, 

most studies have shown that endurance training did not affect C levels during moderate-

intensity exercise [43–45]. The higher plasma C level during recovery we observed for this 

group could partly explain the differences in blood Glu concentration in the group.

Another probable mechanism resulted to endurance interval training program is the greater 

muscle glucose uptake (MGU). This phenomenon can be explained by an increase of the 

glucose transport under insulin action and an increase in insulin sensitivity. Data from the 

present investigation are in agreement with some studies in reporting lower or no changing 

systemic Ins levels at rest and in response to exercise in endurance-trained men compared 

with untrained ones [34,46]. Therefore, the lower Glu level observed in arg is probably the 

result of the high-affinity transmembrane receptor to insulin with intense training. MGU is 

shown to be dependent on glucose transporter (Glut4) content. During exercise, the non-

insulin-dependent glut4 are the main glucose transporters involved in MGU. According to 

Holten et al. [47] strength training (30 minutes/day, 3 times/week) increased protein content 

of Glut4, insulin receptors density, and insulin action in skeletal muscles.

Moreover, it has been demonstrated that the increase of glucose transport in the absence of 

insulin and the Glut4 translocation are mediated by adrenaline increase [48]. Thus, the 

massive entry of glucose in the membrane space could be allowed by the translocation of 

Glut4 which is stimulated by the increase in adrenaline secretion [48,11]. This result 

suggests the important role that adrenaline secretion plays in glucose metabolism regulation.
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Conclusion

Seven weeks of HIIT using active recovery has a beneficial efficient on aerobic fitness, as 

well as on plasma glucose and glucoregulatory hormones after MGT better than HIIT with 

passive recovery. These finding suggest that HIIT with active recovery may more effectively 

improve some metabolic and hormonal parameters.
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Figure 1. 
a: Plasma adrenaline and noradrenaline concentrations determined before training at rest, at 

the end of maximal exercise and after 10 and 30 min recovery for active recovery group 

(ARG). b) Plasma adrenaline and noradrenaline concentrations determined after training at 

rest, at the end of maximal exercise and after 10 and 30 min recovery for active recovery 

group (ARG),
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