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In the past years there has been a lively discussion about High 
Intensity Training (HIT) and High Volume Training (HVT), their 
similarities and differences in adaptations. It was shown, that HIT 
is not only a useful tool for athletes, but also in terms of health 
prevention and rehabilitation [1,2]. Most studies focused on changes of 
endurance performance, muscle adaptations or health benefits, giving 
us a better idea of the molecular mechanisms of these adaptations [3]. 
Thereby, mainly two HIT protocols became common and were used 
in several published studies. First, a Wingate-based “all-out” protocol 
(also called Sprint Interval Training (SIT)) consisting of 4-6 × 30 sec 
intervals, mainly used by Gibala et al. [4], second, the 4x4 min protocol 
performed at an intensity of 90-95% of maximal heart rate, mainly used 
by Helgerud et al. [5]. 

The question is which role metabolic and hormonal changes play 
in this context. Studies using resistance exercise showed significant 
acute hormonal responses, which appear to be critical to tissue growth 
and remodeling (even more than chronic changes in resting hormonal 
concentrations) [6]. If we have a look at the power spectrum, some 
HIT protocols, especially the Wingate-based training (4 × 30 sec all-
out), seem to be close to resistance training interventions. So we can 
speculate, that on the one hand, HIT induces relatively high mechanical 
stimuli, similarly known from strength training protocols; on the 
other hand previous studies showed that high metabolic stimuli (e.g. 
high lactate levels, large decreases in pH) are induced [7], which are 
known to be critical for “endurance adaptations” and for the acute 
hormonal responses as well. High intensity exercise studies showed 
that changes in the acid base status partly cause the cortisol response to 
Wingate-based training [7]. Two other studies also provided evidence 
for a physiological role of pH in the hGH responses to exercise [7,8]. 
Gordon et al. [8] demonstrated that with a 90 s maximal exercise bout, 
the post-exercise HGH responses were reduced by an orally induced 
alkalosis. Also Wahl et al. [7] demonstrated, that the consequence of 
an increase in circulating HGH levels is in part a decreased blood pH 
and that the HGH response is far higher compared to HVT. Similar 
results were shown for free testosterone [9]. A high intensity interval 
session caused greater increases in free testosterone than steady state 
endurance exercise. Also the response of other hormones and growth 
factors seems to be dependent on exercise intensity. Summing up the 
results of studies investigating Vascular Endothelial Growth Factor 
(VEGF), it seems that the VEGF response is dependent on the exercise 
intensity. High-volume low-intensity exercise causes no changes or a 
decrease in circulating VEGF levels [10-12]. On the other hand, higher 
intensities cause an increase in VEGF [12-14].

Besides the mechanical stimuli, metabolic perturbations seem to 
play a critical role in inducing acute hormonal responses and long 
term adaptations to HIT. Therefore, one aim could be to induce high 
metabolic stimuli and to prolong the time of exposure to metabolic 
perturbations during training. One way could be, to perform passive 
recovery rather than active recovery between HIT intervals. Normally, 
rest periods during interval training are carried out actively, performing 
low-intensity exercise to decrease lactate levels and to normalize pH 
faster compared to passive rest. But the faster elimination of lactate and 
the faster normalization of pH decreases the time of exposure to these 
potent metabolic stimuli, possibly leading to different stress/hormonal 
responses to the same training load. It can be speculated that also long-

term adaptations could vary depending on the arrangement of interval 
training and training intensity. This was shown by a recent study 
performing HIT over two weeks either with active or passive recovery. 
This study showed that passive recovery is superior to active recovery 
during a high intensity shock micro cycle in increasing performance 
[15].

We can speculate that the acute metabolic perturbations and 
hormonal increases after HIT might play a positive role in optimizing 
training adaptation and in eliciting health benefits [16]. Based on the 
data it appears that HIT (especially Wingate-based training) promotes 
anabolic processes. This does not necessarily mean muscle hypertrophy, 
but might mediate increased expression of aerobic enzymes or 
adaptations in other processes, such as erythropoietin or angiogenesis. 
These described hormonal reactions might contribute to the positive 
effects of HIT shown by previous studies using such exercise protocols. 
However, still open questions remain concerning the influences of 
different intensities, the duration of intervals and recovery and the 
work to rest ration on the acute hormonal response and especially on 
the long term adaptations.

References

1. Wahl P, Haegele M, Zinner C, Bloch W, Mester J (2010) High Intensity Training 
(HIT) für die Verbesserung der Ausdauerleistungsfähigkeit im Leistungssport. 
Schweizerische Zeitschrift für Sportmedizin und Sporttraumatologie 58: 125-
133.

2. Wahl P, Hagele M, Zinner C, Bloch W, Mester J (2010) High Intensity Training 
(HIT) for the improvement of endurance capacity of recreationally active people 
and in prevention and rehabilitation. Wien Med Wochenschr 160: 627-636.

3. Gibala M (2009) Molecular responses to high-intensity interval exercise. Appl 
Physiol Nutr Metab 34: 428-432.

4. Gibala MJ, Little JP, van Essen M, Wilkin GP, Burgomaster KA, et al. (2006) 
Short-term sprint interval versus traditional endurance training: similar initial 
adaptations in human skeletal muscle and exercise performance. J Physiol 
575: 901-911.

5. Helgerud J, Hoydal K, Wang E, Karlsen T, Berg P, et al. (2007) Aerobic high-
intensity intervals improve VO2max more than moderate training. Med Sci 
Sports Exerc 39: 665-671.

6. Kraemer WJ, Ratamess NA (2005) Hormonal Responses and Adaptations to 
Resistance Exercise and Training. Sports Med 35: 339-361.

7. Wahl P, Zinner C, Achtzehn S, Bloch W, Mester J (2010) Effect of high- and 
low-intensity exercise and metabolic acidosis on levels of GH, IGF-I, IGFBP-3 
and cortisol. Growth Horm IGF Res 20: 380-385.

8. Gordon SE, Kraemer WJ, Vos NH, Lynch JM, Knuttgen HG (1994) Effect of 

Jo
ur

na
l o

f S
po

rts
Medicine &Doping Studies

ISSN: 2161-0673

Journal of Sports Medicine & Doping
Studies

http://spowww.sbg.ac.at/haf/uploads/media/Wahl_-_HIT_f%C3%BCr_die_Verbesserung_der_Ausdauerleistungsf%C3%A4higkeit_im_Leistungssport_Kopie_.pdf
http://spowww.sbg.ac.at/haf/uploads/media/Wahl_-_HIT_f%C3%BCr_die_Verbesserung_der_Ausdauerleistungsf%C3%A4higkeit_im_Leistungssport_Kopie_.pdf
http://spowww.sbg.ac.at/haf/uploads/media/Wahl_-_HIT_f%C3%BCr_die_Verbesserung_der_Ausdauerleistungsf%C3%A4higkeit_im_Leistungssport_Kopie_.pdf
http://spowww.sbg.ac.at/haf/uploads/media/Wahl_-_HIT_f%C3%BCr_die_Verbesserung_der_Ausdauerleistungsf%C3%A4higkeit_im_Leistungssport_Kopie_.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19448710
http://www.ncbi.nlm.nih.gov/pubmed/19448710
http://www.ncbi.nlm.nih.gov/pubmed/16825308
http://www.ncbi.nlm.nih.gov/pubmed/16825308
http://www.ncbi.nlm.nih.gov/pubmed/16825308
http://www.ncbi.nlm.nih.gov/pubmed/16825308
http://www.ncbi.nlm.nih.gov/pubmed/17414804
http://www.ncbi.nlm.nih.gov/pubmed/17414804
http://www.ncbi.nlm.nih.gov/pubmed/17414804
http://www.ncbi.nlm.nih.gov/pubmed/15831061
http://www.ncbi.nlm.nih.gov/pubmed/15831061
http://www.ncbi.nlm.nih.gov/pubmed/20801067
http://www.ncbi.nlm.nih.gov/pubmed/20801067
http://www.ncbi.nlm.nih.gov/pubmed/20801067
http://www.ncbi.nlm.nih.gov/pubmed/8175595


Volume 3 • Issue 1 • 1000e132J Sports Med Doping Stud
ISSN: 2161-0673 JSMDS, an open access journal

Citation: Wahl P (2013) Hormonal and Metabolic Responses to High Intensity Interval Training. J Sports Med Doping Stud 3: e132. doi:10.4172/2161-
0673.1000e132

Page 2 of 2

acid-base balance on the growth hormone response to acute high-intensity 
cycle exercise. J Appl Physiol 76: 821-829.

9. Hackney AC, Hosick KP, Myer A, Rubin DA, Battaglini CL (2012) Testosterone 
responses to intensive interval versus steady-state endurance exercise. J 
Endocrinol Invest 35: 947-950.

10. Adams V, Linke A, Breuckmann F, Leineweber K, Erbs S, et al. (2008) 
Circulating progenitor cells decrease immediately after marathon race in 
advanced-age marathon runners. Eur J Cardiovasc Prev Rehabil 15: 602–607.

11. Gu JW, Gadonski G, Wang J, Makey I, Adair TH (2004) Exercise increases 
endostatin in circulation of healthy volunteers. BMC Physiol 4: 2.

12. Wahl P, Zinner C, Achtzehn S, Behringer M, Bloch W, et al. (2011) Effects of 
acid-base balance and high or low intensity exercise on VEGF and bFGF. Eur 
J Appl Physiol 111: 1405-1413.

13. Morici G, Zangla D, Santoro A, Pelosi E, Petrucci E, et al. (2005) Supramaximal 
exercise mobilizes hematopoietic progenitors and reticulocytes in athletes. Am 
J Physiol Regul Integr Comp Physiol 289: R1496–R1503.

14. Suhr F, Brixius K, de Marees M, Bolck B, Kleinoder H, et al. (2007) Effects 
of short-term vibration and hypoxia during high-intensity cycling exercise on 
circulating levels of angiogenic regulators in humans. J Appl Physiol 103: 474-
483.

15. Wahl P, Zinner C, Grosskopf C, Rossmann R, Bloch W, Mester J (2012) Passive 
recovery is superior to active recovery during a high intensity shock microcycle. 
J Strength Cond Res.

16. Godfrey RJ, Madgwick Z, Whyte GP (2003) The exercise-induced growth 
hormone response in athletes. Sports Med 33: 599-613.

http://www.ncbi.nlm.nih.gov/pubmed/8175595
http://www.ncbi.nlm.nih.gov/pubmed/8175595
http://www.ncbi.nlm.nih.gov/pubmed/23310924
http://www.ncbi.nlm.nih.gov/pubmed/23310924
http://www.ncbi.nlm.nih.gov/pubmed/23310924
http://www.ncbi.nlm.nih.gov/pubmed/18753954
http://www.ncbi.nlm.nih.gov/pubmed/18753954
http://www.ncbi.nlm.nih.gov/pubmed/18753954
http://www.ncbi.nlm.nih.gov/pubmed/14728720
http://www.ncbi.nlm.nih.gov/pubmed/14728720
http://www.ncbi.nlm.nih.gov/pubmed/21161264
http://www.ncbi.nlm.nih.gov/pubmed/21161264
http://www.ncbi.nlm.nih.gov/pubmed/21161264
http://www.ncbi.nlm.nih.gov/pubmed/16020520
http://www.ncbi.nlm.nih.gov/pubmed/16020520
http://www.ncbi.nlm.nih.gov/pubmed/16020520
http://www.ncbi.nlm.nih.gov/pubmed/17446405
http://www.ncbi.nlm.nih.gov/pubmed/17446405
http://www.ncbi.nlm.nih.gov/pubmed/17446405
http://www.ncbi.nlm.nih.gov/pubmed/17446405
http://www.ncbi.nlm.nih.gov/pubmed/22744298
http://www.ncbi.nlm.nih.gov/pubmed/22744298
http://www.ncbi.nlm.nih.gov/pubmed/22744298
http://www.ncbi.nlm.nih.gov/pubmed/12797841
http://www.ncbi.nlm.nih.gov/pubmed/12797841

	Title
	Corresponding author
	References



