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Abstract 
Introduction: The availability of blood and oxygen to exercising muscle is an 
important physiological determinant of endurance performance.  This proof of 
concept study analyzed the ergogenic potential of a novel procedure: circulatory 
occlusion of inactive limbs.  We hypothesized that upper limb circulatory occlusion 
would improve cycle ergometer performance and attenuate hypoxia-mediated 
decrements in endurance exercise.  
Methods:  19 young, healthy adults (10 male, 9 female, age: 24±3 years, mean±SD) 
completed four randomly ordered stationary cycle ergometer 5 km time trials in 
normoxia (fraction of inspired oxygen (FiO2)=0.21) and hypoxia (FiO2=0.15), with 
and without circulatory occlusion of the arms.  Before each circulatory occlusion trial, 
participants held their arms above their head for 60 seconds, and automated blood 
pressure cuffs were rapidly inflated to 200 mmHg before participants lowered their 
arms.   
Results: Time trial performances were: normoxia without occlusion 561.0±65.4 s; 
normoxia with occlusion 555.6±65.4 s; hypoxia without occlusion 594.6±65.4 s; 
hypoxia with occlusion 586.2±67.8 s.  Statistical analysis revealed main effects of 
occlusion (faster with occlusion P=0.017), and inspired O2 (slower in hypoxia 
P<0.001), but no interaction (occlusion x FiO2 P=0.449).  
Conclusion: These data provide support and proof of concept for an ergogenic effect 
of circulatory occlusion of inactive limbs during endurance exercise.  
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Introduction 
Blood flow, and hence oxygen delivery, to active skeletal muscle has long been established as an important 
determinant of endurance exercise performance1,2.  Physiological contributors to blood flow and oxygen 
delivery include total blood and/or plasma volume, total red blood cell volume, and oxygen carrying 
capacity.  Consistent with this, interventions known to increase plasma volume, such as dextran, sodium-
induced hypervolemia3,4,  and intravenous saline administration5, or perturbations that enhance red blood 
cell volume, such as blood doping and administration of erythropoietin, have all been shown to increase 
maximal oxygen uptake (VO2max) and improve performance in endurance events6,7.  Aside from being 
contrary to the rules of most athletic governing bodies, and in addition to carrying clinically significant 
risks8,9, blood doping and erythropoietin are impractical in that they require medical supervision and/or 
proficiency in blood collection and storage.  Similarly, strategies promoting acute pre-exercise 
hypervolemia are also often impractical, involving invasive medical procedures, or evoking unfavorable 
gastrointestinal side effects.  In the current study, we begin to explore the ergogenic potential of a novel 
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procedure that may temporarily promote the availability of blood to active skeletal muscle without actually 
increasing total blood or red cell volume: circulatory occlusion of non-active limbs. 
 
The rationale for the approach is based on three observations.  Circulatory occlusion of the legs with 
blood pressure cuffs accelerates oxygen uptake kinetics during the transition from rest-to-steady-state 
arm ergometry exercise10.  Hughson and Imman argued that by occluding the non-working limbs, more 
blood, and hence oxygen, was available to the exercising skeletal muscle.  Secondly, it has been 
demonstrated that increases in VO2max following endurance training require only a small increase in blood 
volume11.  Six weeks of endurance exercise training increased blood volume by ~380 ml, VO2max by 
~10%, and maximal cardiac output by ~1.5 L/min.  When blood was removed via phlebotomy and blood 
volume returned to pre-training values, both VO2max and maximal cardiac output were also returned to 
pre-training levels.  These data illustrate that a 7% expansion of blood volume is sufficient to evoke an 
appreciable increase in VO2max.  Finally, and consistent with this prior observation, an autologous blood 
transfusion consisting of 135 mL of red blood cells improved cycle ergometer time trial performance12.  
Collectively, these results implicate that circulatory occlusion of the arms would only need to increase 
central blood volume by up to ~7% to elicit improvements in cycle ergometry endurance performance. 
Given that 12% of body mass can be attributed to the arms13 it is feasible that circulatory occlusion of 
the arms should be sufficient to increase central blood volume by the magnitude necessary to improve 
performance.   
 
Accordingly, the purpose of this proof of concept study was to investigate the hypothesis that upper limb 
circulatory occlusion would improve cycle ergometer time-trial performance.  To further emphasize the 
critical contribution of oxygen delivery to performance, healthy adults were studied in both normoxia and 
hypoxia; we hypothesized that upper limb circulatory occlusion would attenuate hypoxia-mediated 
decrements in cycle ergometer time-trial performance, and that the magnitude of ergogenic effect of 
upper limb circulatory occlusion would be greater in hypoxia compared with normoxia. 
 
Methods 
The protocol was approved by the local institutional review board.  All participants provided written 
informed consent prior to study initiation. 
 
Participants 
Young healthy, 18-30-year-old, men and women were invited to participate in the study. They self-
identified as recreationally active (i.e. not-elite) and reported completing a minimum of 30-minutes of 
physical activity, 3 days per week, during the previous 12 months. Exclusion criteria included pregnancy 
(confirmed using a commercially available urine test kit for human chronic gonadotropin), previous 
cardio-pulmonary disease (self-report), anemia (confirmed by measurement of hemoglobin and 
hematocrit during the screening visit), history of venous thrombosis (self-report), resting peripheral 
oxygen saturation <95% (determined using a physiological monitor; IntelliVue MP5 Patient Monitor, 
Philips Healthcare, USA), and neuropathy in the arms/hands (self-report).  Our laboratory is located at a 
moderate altitude of 1,525 m (5,003 feet) above sea level; usual barometric pressures are within the range 
~630-640 mmHg.  To avoid potentially confounding factors associated with acute exposure to altitude, 
all research participants were established local residents. 
 
Protocol Overview 
Following screening and habituation, participants completed four randomly ordered stationary cycle 
ergometer time trials, equivalent to 5 km, in normoxia (fraction of inspired oxygen (FiO2)=0.21) and 
hypoxia (FiO2=0.15), with and without circulatory occlusion of the arms.  Assuming an average 
barometric pressure of 635 mmHg, then an FiO2 of 0.15 would simulate an altitude of approximately 4.1 
km (or 13,500 ft); the US state in which our laboratory is located has over 300 mountains that are taller 
than 4.1 km, thus this simulated altitude has ecological relevance for our geographical location.  Time 
trials were separated by 2-14 days.  At the start of each occlusion trial, participants held their arms above 
their head; blood pressure cuffs were inflated to evoke upper limb circulatory occlusion. 
 
Procedures 
VO2max was determined via indirect calorimetry (Parvo Medics, Sandy, Utah, USA) during incremental 
stationary cycle ergometer exercise to volitional fatigue, as previously described14,15.  Body composition 



2020, Volume 3 (Issue 3): 8 OPEN ACCESS 

Journal	of	Exercise	and	Nutrition	 3	

(including whole and segmental total, lean and fat mass) was assessed using dual energy x-ray 
absorptiometry (DEXA: Hologic, Discovery W, QDR Series, Bedford, MA, USA).  Protocol habituation 
involved completion of a practice time trial, without occlusion, that was otherwise identical to the 
experimental time trials.  Time trials were completed on an electrically braked cycle ergometer (Dynafit 
Velotron; Racermate Inc., Seattle, Washington, USA), in a manner similar to that previously reported14,15.  
Following a brief opportunity for acclimation to the chamber comprising a warm-up (10 minutes, cycling 
at 100 W) participants completed stationary cycle ergometer exercise equivalent to 5 km as quickly as 
possible.  During the time trial, all time cues were hidden from the participants but feedback regarding 
distance cycled was provided, as was standardized verbal encouragement (independent of experimental 
condition).  Heart rate, peripheral oxyhemoglobin saturation (SpO2; measured at the finger and ear lobe; 
IntelliVue MP5 Patient Monitor, Philips Healthcare, USA), and ratings of perceived exertion16 were 
recorded every 5-minutes. 
 
Following completion of the acclimation/warm-up and immediately prior to commencement of the time-
trials, participants held their arms above their head for 60-seconds to create a negative hydrostatic column 
and encourage upper limb “draining”.  Automated blood pressure cuffs (D. E. Hokanson, Inc., Bellevue, 
Washington, USA) were then rapidly inflated to either 20 (Sham) or 200 mmHg before participants 
returned to cycling position.  Circulatory occlusion was confirmed by the absence of a radial pulse and 
the inability to measure SpO2 at the fingers.  During the procedures incorporating hypoxia, the FiO2 was 
manipulated using an environmental chamber (Colorado Altitude Training, Louisville, Colorado, USA), 
as previously described14,15.  Participants were naïve to the FiO2 within the chamber. 
 
Experimental Considerations 
Based on prior studies14,15, we estimated that the time to complete a 5 km time trial would be ~10 minutes.  
We surmised a trial of this duration would permit us to test the effectiveness of the intervention while 
limiting the risk for injury associated with circulatory occlusion.  Although circulatory occlusion can be 
uncomfortable, our laboratory has demonstrated that ischemia for up to 20 minutes is safe and well 
tolerated17.  Further, to minimize the potential confounding influence of the expectations of our 
participants (i.e. a placebo effect) we incorporated a sham condition.  The rationale for our choice of 20 
mmHg as a control was based on our understanding that this pressure would be sufficient to be perceived 
by the participants, without influencing forearm venous draining18,19.  In addition to this sham condition, 
participants remained naïve as to performance outcomes until study completion.   
 
Statistical Analysis 
A randomized, repeated measures, Latin-square design was utilized.  The influences of circulatory 
occlusion of the arms and manipulations of FiO2 were examined using two-way repeated measures 
analysis of variance (i.e. occlusion x FiO2).  Multiple comparisons of factor means were performed using 
the Holm-Sidak test.  Habituation and control time-trial performances were compared using Student’s 
paired T-Test.  To provide initial insight into potential determinants of the time-trial response to 
circulatory occlusion of the arms, statistical relations were investigated using Pearson Product 
correlations.  The level of statistical significance was set, a priori, as P<0.05.  Data are reported as mean 
and standard deviation, unless otherwise indicated.  Calculations were performed using commercially 
available software (SigmaStat 3.0, Systat Software Inc., San Jose, California, USA).    
 
Results  
Twenty-two adults were screened for participation.  One female was excluded due to anemia (hemoglobin 
concentration: 10 mg/dL).  Two males withdrew due to injury (sustained outside of the laboratory) and 
scheduling conflicts.  One habituation trial was abandoned due to mechanical failure.  Nineteen adults 
completed all remaining testing; physiological characteristics are presented in Table 1.   
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Prior to the four time trials in normoxia and hypoxia, participants completed a habituation trial, in 
normoxia without an occlusion cuff.  Habituation data from each participant are presented in Figure 1.  
There was no difference between time trial performance during habituation and time trial in normoxia 
without occlusion (n=18; P=0.26). 
 

 
 
Figure 1. Individual participant time trial performance did not differ between habituation and control  
(n=18; P=0.26).  Closed circles with error bars represent mean and SD.  
 
Time trial performance data are presented in Figure 2A and 2B.  There were main effects of occlusion 
(faster with occlusion, P=0.017), and FiO2 (slower in hypoxia, P<0.001), but no interaction (occlusion x 
FiO2, P=0.449).  In normoxia, circulatory occlusion of the arms improved time trial performance in 11/19 
participants (mean improvement: 5.3 s). In hypoxia, 14/19 experienced an ergogenic benefit of circulatory 
occlusion of the arms (mean improvement: 8.3 s).  The magnitude of improvement was not different 
between normoxia and hypoxia (P=0.45). 
 

Table 1.  Selected physiological characteristics of research participants (10 males, 9 females). 
 VARIABLE  

(N = 19) 
AGE (YEARS) 24 ± 3 
BODY MASS (KG) 70.9 ± 12.5 
HEIGHT (M) 1.73 ± 0.10 
BODY MASS INDEX (KG/M2) 23.4 ± 2.1 
LEAN MASS (KG) 55.4 ± 11.0 
FAT MASS (KG) 15.1 ± 4.6 
BODY FAT (%) 22.1 ± 6.9 
ARM MASS (KG) 8.4 ± 2.3 
ARM LEAN MASS (KG) 6.6 ± 1.9 
RESTING BLOOD PRESSURE (MMHG) 124/78 ± 10/9 
VO2MAX (L/MIN) 3.34 ± 0.83 
VO2MAX (ML/KG/MIN) 47.1 ± 7.9 

Mean ± Standard Deviation.  
VO2max: maximal oxygen uptake. 
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Figure 2. Upper limb circulatory occlusion improves time to cycle 5 kilometers (km). A) Average time 
to cycle 5 km in normoxia (FiO2=0.21) and hypoxia (FiO2=0.15) conditions improved with occlusion  
(n = 19).  Data are mean and standard deviation.  * indicates P<0.05.  B) Individual change between time 
trial performance with and without upper limb circulatory occlusion. Closed circles with error bars 
represent mean and SD.    
 
Following inspection of Figure 2B, it is clear the magnitude of time trial improvement in one participant 
was somewhat greater than the other participants.  This participant’s datum fell within three standard 
deviations of the mean (and median) change and thus was not considered an outlier20.  To satisfy our 
remaining concern that the main effects reported in the previous paragraph were unduly influenced by 
this one participant, statistical analysis was repeated with this participant’s data excluded; our 
interpretation was unchanged: main effects of occlusion (faster with occlusion P=0.028), and FiO2 (slower 
in hypoxia P<0.001), but no interaction (occlusion x FiO2 P=0.327).         
 
Additional physiological and performance data are presented in Table 2.  Heart rate appeared somewhat 
greater with circulatory occlusion of the arms, but this difference did not attain statistical significance 
(main effect: P=0.062).  Peripheral oxygen saturation measured at the ear and finger, and pedal cadence 
and work rate were all lower in hypoxia (P<0.001).  There were no main effects of occlusion (all P>0.06) 
and no interactions (FiO2 x occlusion all P>0.10).  SpO2 was undetectable at the finger during circulatory 
occlusion of the arms.    
 

 
  
To provide initial insight into potential determinants of the ergogenic response to circulatory occlusion, 
statistical relations were investigated.  None of the examined dependent variables predicted the magnitude 

Table 2.  Physiological and performance parameters during each of the time-trials. 
 NORMOXIA HYPOXIA 
 Control (N = 19) Occluded (N = 19) Control (N = 19) Occluded (N = 19) 
HEART RATE 
(BEATS/MIN) 

169 ± 9 171 ± 14 166 ± 13 170 ± 13 

SPO2 EAR* 
(%) 

90 ± 8 89 ± 7 80 ± 8 84 ± 8 

SPO2 FINGER* 
(%) 

91 ± 6 ND 80 ± 5 ND 

RPE 17 ± 1 18 ± 1 18 ± 1 18 ± 1 
PEDAL CADENCE* 
(REVOLUTIONS/MIN) 

96 ± 12 97 ± 12 92 ± 12 92 ± 12 

WORK RATE* 
(W) 

198 ± 61 203 ± 64 174 ± 47 174 ± 45 

Data: mean ± SD.  
SpO2: Peripheral oxygen saturation.  RPE: Rating of perceived exertion (Borg Scale). 
ND: Not detected.  
* denotes main effect of hypoxia (P<0.001) 
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of improvement in normoxic time trial performance (all P>0.10).  Examined variables included time trial 
performance in normoxia without occlusion, VO2max, fat free mass, and total mass and fat free mass of 
the arms (estimated by DEXA).  Further, the magnitude of improvement in normoxic time trial 
performance with occlusion of the arms was not different (P=0.45) between men (7.8±15.0 s) and women 
(2.6±14.8 s).       
      
Discussion 
The purpose of this proof of concept study was to investigate the hypothesis that upper limb circulatory 
occlusion would improve cycle ergometer time trial performance and attenuate hypoxia-mediated 
decrements in endurance exercise.  Our data indicate that the time to cycle a distance equivalent to 5 km 
was faster during circulatory occlusion of the arms; this ergogenic effect was evident in both normoxia 
and hypoxia.  Although variable, the mean magnitude of improvement in time trial performance with 
circulatory occlusion of the arms was approximately 7 seconds.  Magnitudes of improvement smaller than 
this have been recognized as being sufficient to determine Olympic medal rankings in endurance events 
of up to ~8 minutes duration21.   
  
The manipulation of blood volume for ergogenic purposes has been previously explored3-5,11,22-24 and has 
produced mostly favorable outcomes.  In the current study, we did not attempt to increase total blood 
volume, rather, using a reallocation of resources approach, we believe we may have increased central 
blood volume via circulatory occlusion of inactive limbs.                           
 
The beneficial effects of blood flow occlusion prior to (e.g. (remote) ischemic preconditioning), or 
following exercise, have also been well described25,26, as have the advantages of restricting blood flow 
during resistance training27.  Additionally, attempts have been made to influence (both increase and 
decrease) blood flow to the legs during cycle ergometer exercise with a variety of techniques, including 
single-limb cycling28,29, lower body negative pressure and postural changes, such as head up/down tilt30,31.  
In these basic science studies, the primary focus was physiological function and not athletic performance.  
To our knowledge, this is the first study in which circulatory occlusion of the non-active limbs to promote 
endurance performance has been explored.  In this regard, we believe the proof of concept supported by 
our current data could stimulate a potentially fertile line of questioning.  For example, in addition to 
mechanistic studies incorporating blood flow measurements, the circulatory occlusion of non-active limbs 
might promote athletic performance in activities other than cycling, such as running (with arm occlusion), 
or kayaking (with leg occlusion).  Upper limb occlusion might also serve as a strategy to increase power 
output during training and/or promote recovery between sprints during high intensity interval training.   
 
An additional question that remains to be answered pertains to the physiological characteristics of the 
athlete in whom non-active limb occlusion has the greatest ergogenic benefit.  None of the variables 
considered in the current study, including sex, aerobic capacity, baseline time trial performance, and lean 
or total mass of the occluded arms predicted the magnitude of time trial improvement.   
 
The rationale for our study was based on previous reports of accelerated VO2 kinetics with circulatory 
occlusion of the legs during arm ergometry exercise10, and the relatively small increase in blood volume 
required to increase VO2max, maximal cardiac output and time trial performance11,12.   It is important to 
emphasize that our purpose was to provide proof of concept only.  We made no attempt to quantify 
central blood volume during upper limb circulatory occlusion, nor did we measure active limb (leg) blood 
flow.  However, it seems unlikely that circulatory occlusion of the arms would improve cycle ergometer 
exercise performance for reasons other than increased central blood volume.  It is possible that the 
expectations of our research participants contributed to improved time trial performance (i.e. a placebo 
effect).  To minimize this potential confound we incorporated a sham (control) condition consisting of 
upper arm cuff inflation to 20 mmHg; a pressure we felt would be sufficient to be detected by the 
participants without influencing forearm venous draining18,19.  We acknowledge that the perception of 20 
vs. 200 mmHg is quite different with respect to the degree of numbness and paresthesia.  In addition to 
the sham condition, we were careful to keep participants naïve as to performance outcomes until study 
completion.  Moreover, use of a randomized, repeated measures, Latin-square experimental design, 
together with incorporation of a habituation trial should have minimized any further confounding 
influence of learning or conditioning.  Indeed, as per Figure 1, the absence of a performance difference 
between the habituation and control time trials provides support our experimental approach.    
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From a practical and safety perspective, the activities best suited for non-active limb occlusion should be 
of sufficient duration to rely on a significant contribution from aerobic metabolism, but not so long as to 
risk tissue damage and injury due to extended ischemia and subsequent reperfusion.  In this regard, our 
laboratory has previously shown that up to 20 minutes of forearm ischemia is generally well tolerated and 
does not result in significant injury, other than a brief increase in oxidative stress17.        
       
In summary, in normoxia and hypoxia, upper limb circulatory occlusion decreases the duration of time 
required to complete stationary cycle ergometer exercise equivalent to 5 km.  We speculate that the 
mechanism explaining this ergogenic effect is improved blood and oxygen availability to the working 
muscle as a consequence of increased central blood volume, although this remains to be empirically 
investigated.        
 
Media-Friendly Summary 
Money, for many people, is often a limited commodity.  With appropriate accounting, we may choose to 
forego purchasing an updated cell phone in favor of buying food.  In the same way, blood may be 
considered a limited resource.  In the current investigation, we demonstrated that if we temporarily stop 
blood flowing to the arms, there may be more blood available for the legs.  Exploiting this principle, we 
were able to provide proof-of-concept for a novel strategy to improve short-duration endurance 
performance: circulatory occlusion of inactive limbs.  
 
Acknowledgements 
This study was funded, in part, by an Undergraduate Research Grant awarded by the Rocky Mountain 
chapter of the American College of Sports Medicine to S. Raj J. Trikha. We would also like to thank all 
the participants in the study.  
 
References 
1. Bassett DR, Jr., Howley ET. Limiting factors for maximum oxygen uptake and determinants of 
endurance performance. Med Sci Sports Exerc. 2000;32(1):70-84. 
2. Gonzalez-Alonso J, Calbet JA. Reductions in systemic and skeletal muscle blood flow and 
oxygen delivery limit maximal aerobic capacity in humans. Circulation. 2003;107(6):824-830. 
3. Coles MG, Luetkemeier MJ. Sodium-facilitated hypervolemia, endurance performance, and 
thermoregulation. International journal of sports medicine. 2005;26(3):182-187. 
4. Greenleaf JE, Looft-Wilson R, Wisherd JL, McKenzie MA, Jensen CD, Whittam JH. Pre-
exercise hypervolemia and cycle ergometer endurance in men. Biol Sport. 1997;14(2):103-114. 
5. Deschamps A, Levy RD, Cosio MG, Marliss EB, Magder S. Effect of saline infusion on body 
temperature and endurance during heavy exercise. J Appl Physiol (1985). 1989;66(6):2799-2804. 
6. Joyner MJ. VO2MAX, blood doping, and erythropoietin. Br J Sports Med. 2003;37(3):190-191. 
7. Malm CB, Khoo NS, Granlund I, Lindstedt E, Hult A. Autologous Doping with Cryopreserved 
Red Blood Cells - Effects on Physical Performance and Detection by Multivariate Statistics. PLoS One. 
2016;11(6):e0156157. 
8. Abergel E, Chatellier G, Hagege AA, et al. Serial left ventricular adaptations in world-class 
professional cyclists: implications for disease screening and follow-up. J Am Coll Cardiol. 2004;44(1):144-
149. 
9. La Gerche A, Brosnan MJ. Cardiovascular Effects of Performance-Enhancing Drugs. Circulation. 
2017;135(1):89-99. 
10. Hughson RL, Imman MD. Faster kinetics of VO2 during arm exercise with circulatory occlusion 
of the legs. International journal of sports medicine. 1986;7(1):22-25. 
11. Bonne TC, Doucende G, Fluck D, et al. Phlebotomy eliminates the maximal cardiac output 
response to six weeks of exercise training. Am J Physiol Regul Integr Comp Physiol. 2014;306(10):R752-760. 
12. Bejder J, Breenfeldt Andersen A, Solheim SA, et al. Time Trial Performance Is Sensitive to Low-
Volume Autologous Blood Transfusion. Med Sci Sports Exerc. 2019;51(4):692-700. 
13. de Leva P. Adjustments to Zatsiorsky-Seluyanov's segment inertia parameters. J Biomech. 
1996;29(9):1223-1230. 
14. Scalzo RL, Binns SE, Klochak AL, et al. Methazolamide Plus Aminophylline Abrogates 
Hypoxia-Mediated Endurance Exercise Impairment. High Alt Med Biol. 2015;16(4):331-342. 



2020, Volume 3 (Issue 3): 8 OPEN ACCESS 

Journal	of	Exercise	and	Nutrition	 8	

15. Scalzo RL, Paris HL, Binns SE, et al. Ergogenic properties of metformin in simulated high 
altitude. Clin Exp Pharmacol Physiol. 2017;44(7):729-738. 
16. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc. 1982;14(5):377-381. 
17. Davis JL, Paris HL, Beals JW, et al. Liposomal-encapsulated Ascorbic Acid: Influence on 
Vitamin C Bioavailability and Capacity to Protect Against Ischemia-Reperfusion Injury. Nutrition and 
metabolic insights. 2016;9:25-30. 
18. Fortney SM, Wenger CB, Bove JR, Nadel ER. Effect of blood volume on forearm venous and 
cardiac stroke volume during exercise. J Appl Physiol Respir Environ Exerc Physiol. 1983;55(3):884-890. 
19. Taylor JA, Hand GA, Johnson DG, Seals DR. Augmented forearm vasoconstriction during 
dynamic exercise in healthy older men. Circulation. 1992;86(6):1789-1799. 
20. Leys C, Ley C, Klein O, Bernard P, Licata L. Detecting outliers: Do not use standard deviation 
around the mean, use absolute deviation around the median. J Exp Soc Psychol. 2013;49(4):764-766. 
21. Christensen PM, Shirai Y, Ritz C, Nordsborg NB. Caffeine and Bicarbonate for Speed. A Meta-
Analysis of Legal Supplements Potential for Improving Intense Endurance Exercise Performance. Front 
Physiol. 2017;8:240. 
22. Luetkemeier MJ, Thomas EL. Hypervolemia and cycling time trial performance. Med Sci Sports 
Exerc. 1994;26(4):503-509. 
23. Grucza R, Szczypaczewska M, Kozlowski S. Thermoregulation in hyperhydrated men during 
physical exercise. Eur J Appl Physiol Occup Physiol. 1987;56(5):603-607. 
24. Lyons TP, Riedesel ML, Meuli LE, Chick TW. Effects of glycerol-induced hyperhydration prior 
to exercise in the heat on sweating and core temperature. Med Sci Sports Exerc. 1990;22(4):477-483. 
25. Paradis-Deschenes P, Joanisse DR, Billaut F. Ischemic Preconditioning Improves Time Trial 
Performance at Moderate Altitude. Med Sci Sports Exerc. 2018;50(3):533-541. 
26. Arriel RA, de Souza HLR, da Mota GR, Marocolo M. Declines in exercise performance are 
prevented 24 hours after post-exercise ischemic conditioning in amateur cyclists. PLoS One. 
2018;13(11):e0207053. 
27. Ferguson RA, Hunt JEA, Lewis MP, et al. The acute angiogenic signalling response to low-load 
resistance exercise with blood flow restriction. Eur J Sport Sci. 2018;18(3):397-406. 
28. Abbiss CR, Karagounis LG, Laursen PB, et al. Single-leg cycle training is superior to double-leg 
cycling in improving the oxidative potential and metabolic profile of trained skeletal muscle. J Appl Physiol 
(1985). 2011;110(5):1248-1255. 
29. Burns KJ, Pollock BS, Lascola P, McDaniel J. Cardiovascular responses to counterweighted 
single-leg cycling: implications for rehabilitation. Eur J Appl Physiol. 2014;114(5):961-968. 
30. Hughson RL, Cochrane JE, Butler GC. Faster O2 uptake kinetics at onset of supine exercise 
with than without lower body negative pressure. J Appl Physiol (1985). 1993;75(5):1962-1967. 
31. Suzuki Y, Gunji A. Comparing cardiovascular responses during exercise between head-down tilt 
pedaling with lower body negative pressure and upright cycling in man. J Gravit Physiol. 2002;9(1):P71-72. 
 
Copyright, 2020. Published by Capstone Science Inc. under open access distribution rights. Articles are available for download and proper distribution.  


