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Abstract

Intermittent hypobaric hypoxia (IHH) has been the focus of important research in cardioprotection, and it has been associated with several
mechanisms. Intermittent hypobaric hypoxia inhibits prolyl hydroxylases (PHD) activity, increasing the stabilization of hypoxia-inducible factor-
1 (HIF-1) and activating crucial adaptative genes. It has been hence suggested that IHH might be a simple intervention, which may offer a
thoughtful benefits to patients with acute myocardial infarction and no complications. Nevertheless, several doubts exist as to whether IHH is a
really safe technique, with little to no complications in post-myocardial infarction patients. Intermittent hypobaric hypoxia might produce instead
unfavourable changes such as impairment of vascular hemodynamics and hypertensive response, increased risk of hemoconcentration and
thrombosis, cardiac rhythm perturbations, coronary artery disease and heart failure, insulin resistance, steatohepatitis and even high-altitude
pulmonary oedema in susceptible or nonacclimatized patients. Although intermittent and chronic exposures seem effective in cardioprotection,
IHH safety issues have been mostly overlooked, so that assorted concerns should be raised about the opportunity to use IHH in the post-myo-
cardial infarction period. Several IHH protocols used in some studies were also aggressive, which would hamper their widespread introduction
within the clinical practice. As such, further research is needed before IHH can be widely advocated in myocardial infarction prevention and
recovery.
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Introduction

High-altitude exposure has been considered a major cardiorespira-
tory, endocrine, metabolic, nutritional, thermal and psychological
strain for the human body [1]. The atmospheric low oxygen partial
pressure affects oxygen (0,) cascade inducing metabolic adapta-
tions, such as changes in cell oxidative metabolism [1]. Acute,
chronic or intermittent hypoxia (IH) exposure studies have been
carried out with animals and humans in hypobaric chambers simu-
lating high-altitude hypoxia conditions [2]. As a rule, IH refers to
discontinuous use of hypoxia to reproduce features of altitude
acclimatization using different methods, protocols and devices [3].

*Correspondence to: Fabian SANCHIS-GOMAR, M.D.,

Department of Physiology, Faculty of Medicine, University of Valencia,
Av. Blasco Ibafiez, 15, Valencia 46010, Spain.

Tel.: +(34) 96 386 46 50

Fax: +(34) 96 386 46 42

E-mail: fabian.sanchis@uv.es

doi: 10.1111/j.1582-4934.2011.01508.x

Specifically, IHH consists in temporary sessions expositions to
acute hypobaric hypoxia conditions of a precise barometric pres-
sure and thus to an equivalent altitude [2]. The IHH exposition is
typically performed in hypobaric chambers. The ascent and descent
of the chamber from ambient pressure to altitude occurred at a
certain speed, and the oxyhemoglobin saturation of the patients is
monitored at all times [4,5].

A hypobaric chamber, also known as altitude chamber, is hence
used during aerospace or high terrestrial altitude research or training
to simulate the effects of high altitude on the human body, especially
hypoxia (low oxygen) and hypobaria (low ambient air pressure). Inter-
mittent hypobaric hypoxia has been the focus of important research
for recovery of post-myocardial infarction function over the past dec-
ades. Wang et al. observed that IHH improves post-ischaemic recov-
ery of myocardial contractile function via redox signalling in rats [6].
In another recent investigation, Xu et al. demonstrated that IHH atten-
uates progressive myocardial remodelling and improves overall myo-
cardial contractility [7]. In both studies, experimental animals were
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intermittently exposed to an equivalent altitude of 5000 m in a
hypobaric chamber for 4 weeks, concluding that IHH might reveal as
a promising therapeutic approach for ischaemic heart diseases.

Cardiac protection by IHH has been associated with several mech-
anisms, including attenuated infarct size, myocardial fibrosis and
apoptotic cardiomyocytes [7], elevated reactive oxygen species
(ROS) production during early reperfusion [6], preserved Ca*
homeostasis [8], calcium/calmodulin-dependent protein kinase I
activity regulation [9], reduced myocardial apoptosis [10], induced
opening of mitoKATP channels [11,12], increased vascularization
[13], as well as antiarrhythmic and antioxidant effects [14,15]. It has
been thus suggested that IHH is a simple intervention, which may
offer a thoughtful benefits to patients with acute myocardial infarction
and with little side effects or adverse reactions [6,8,12,14,16].

It has been recently observed that hypoxia-inducible factor-1
alpha (HIF-1a), inducible nitric oxide synthase (iNOS) and PHD are
also involved in IHH induced cardioprotection, which can hence be
considered potential therapeutic targets [17]. The transcription factor
HIF-1 is a key regulator responsible for the induction of genes that
facilitate adaptation and survival of cells and the whole organism from
normoxia (~21% 0,) to hypoxia (~1% 0,) [18-21]. Hypoxia-inducible
factor-1 is composed of HIF-1o and HIF-1B. Of these two subunits,
HIF-1B is constitutively expressed, whereas HIF-1a: is tightly regu-
lated by oxygen tension in terms of its protein stability and activity
[22-25]. Under continuous oxygen supply, two distinct prolyl resi-
dues within the oxygen-dependent degradation domain of HIFa
subunits are hydroxylated by prolyl-4-hydroxylase domain-containing
enzymes (PHDs). Hydroxy-HIFo is recognized by the von Hippel-
Lindau tumour suppressor protein and subsequently targeted for
proteasomal degradation [22,26]. It has also been described that
the presence of high ROS concentrations efficiently stabilizes HIF-1o
[27-30].

Overall, IHH inhibits PHD activity, increasing the stabilization of
HIF-1 and activating crucial adaptative genes for erythropoiesis, iron
homeostasis and angiogenesis such as erythropoietin (Epo), transfer-
rin, transferrin receptor and vascular endothelial growth factor [31-
33], as well as genes that regulate vasomotor control, glucose and
energy metabolism, pH regulation, cell proliferation and viability [34].
Hypoxia-inducible factor-1 is also involved in the induction of cardio-
protective molecules, such as iNOS and hemeoxygenase 1 [34].

Nevertheless, several doubts exist as to whether IHH is a really
safe technique, with little to no adverse effects in post-myocardial
infarction patients. Intermittent hypobaric hypoxia might produce
unfavourable biochemical changes, including decreased anti-oxidative
capacity and increased lipid peroxidation, which would lead to sup-
pression of vascular endothelial function and impairment of vascular
hemodynamics. Moreover, IH causes oxidative stress that may limit
bioavailability of the endothelium-derived vasodilator nitric oxide, and
contribute to generate a hypertensive response [35]. Cellular hypoxia
is characterized by an increased levels of reduced equivalents as a
result of insufficient availability of 0, to be reduced in the mitochon-
drial electron transport chain [36]. In both the animal models and in
humans exposed to different altitudes (e.g. 3000-8500 m), an oxida-
tive stress has been clearly shown, as reflected by increased lipid,
protein and DNA oxidation [37-40]. It has also been demonstrated
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that the activity of enzymes such as cyclooxygenase, NAD(P)H oxi-
dase and xanthine oxidase are crucial for the ROS generation under
hypoxic conditions [36]. In this perspective, ROS participate in
cardioprotection induced by ischaemic conditioning [6,41,42], and
their generation might hence be beneficial after an acute myocardial
infarction [8,43].

It is also noteworthy that erythropoiesis stimulation with an
increase in Epo concentration [44-47], thereby enhancing red blood
cells mass, hematocrit, blood viscosity and platelet count, have sig-
nificant effect on blood rheology and blood pressure, exposing
patients with high risk of cardiovascular events to hemoconcentration
and thrombosis, especially during episodes of dehydration [48,49].
Elevated systemic hematocrit increases the risk of cardiovascular
disorders, such as stroke and myocardial infarction. One possible
pathophysiological mechanism involves an impairment of the “1blood
—endothelium interface [50]. Moreover, erythrocytosis predisposes to
a prothrombotic state and hematocrit is a prognostic marker in
patients with ST-segment elevation MI. Patients with elevated hemat-
ocrit are at increased risk of short-term mortality [51], as arterial
thrombi usually forms under high blood flow conditions [52].
Although it has been suggested that the IH-induced, adverse myocar-
dial consequences might be reversed by Epo administration [53], this
appears rather unlikely, considering the previously mentioned mecha-
nisms. In this perspective, it should considered that systemic effects
of hypoxia exposure are also dependent upon the so-call ‘hypoxic
dose’, especially in terms of time of exposure, level of simulated alti-
tude, type of hypoxic strategy. For instance, it has been shown that
natural versus artificial hypoxia can produce very different haemato-
logical results [54-56]. Conversely, there is trustworthy evidence in
the current scientific literature to show that the most effective method
to stimulate accelerated erythropoiesis with the ‘Living High-Training
Low’ strategy requires 2500 m altitude, 22 hr a day for at least
28 days [57]. The empirical evidence regarding the efficacy of IH is,
however, still partially unclear. Several studies, have failed to demon-
strate significant alterations in the erythropoietic response after differ-
ent protocols [58-60]. Neya et al. also showed that normobaric [H
(3000 m) was insufficient to enhance erythropoiesis [61], whereas
exposure to more elevated simulated altitude (i.e. 4000 m) through
intermittent normobaric hypoxia [46,47], or up to 5000-6300 m
through IHH [62,63], induced a significant increase in several haema-
tological parameters.

Obstructive sleep apnoea is associated with increased risk of ath-
erosclerosis and, therefore, myocardial infarction and stroke [64],
essential and resistant hypertension, cardiac rhythm perturbations
(e.g. atrial fibrillation, bradyarrhythmias, supraventricular and ventric-
ular arrhythmias) and heart failure [65]. As this condition is charac-
terized by episodic cycles of hypoxia and normoxia during the sleep,
Park and Suzuki observed that IH increases the susceptibility of the
heart to oxidative stress, thereby worsening the risk of ischae-
miareperfusion-induced myocardial injury [66]. In obese or diabetic
patients, IH exacerbates the insulin resistance and induces steato-
hepatitis, suggesting that it might account for the metabolic
dysfunction in obesity [67].

Considering the original findings of Wang et al. [6], and Xu
et al. [7], who reported that prolonged exposure of mice to an
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equivalent altitude of 5000 can initiate the cardioprotective
response, and even of other authors who tested the cardioprotec-
tion effects of IHH to an equivalent altitude of 7000 m [43,68],
the acute exposure to similar or equivalent altitude might
induce pulmonary oedema in susceptible or nonacclimatized
patients [69-71].

Although intermittent and chronic exposures have been demon-
strated to be effective in increasing coronary vasculature, decreasing
infarction size and providing more efficient metabolism and better
cardiac functional recovery post-ischaemia [72], IHH safety issues
have been mostly overlooked, so that assorted concerns should be

raised about the opportunity to use IHH in the post-myocardial infarc-
tion period at this point in time. Several IHH protocols used in some
studies were also aggressive, which would hamper their introduction
within the clinical practice. As such, further research is needed before
IHH can be widely advocated in myocardial infarction prevention and
recovery.

Conflict of interest

None of the authors have any conflict of interest.

References

1.

Magalhaes J, Ascensao A, Viscor G, ef al.
Oxidative stress in humans during and after

dioprotection of intermittent hypoxia against
ischaemic-reperfusion-induced cardiac dys-

Pharmacol. 2011; in press: doi: 10.1111/
j.1472-8206.2011.00940.x.

4 hours of hypoxia at a simulated altitude of function. Am J Physiol Heart Circ Physiol. 18. Wang GL, Jiang BH, Rue EA, et al.
5500 m. Aviat Space Environ Med. 2004; 75: 2009; 297: H735-42. Hypoxia-inducible factor 1 is a basic-helix-
16-22. 10. Dong JW, Zhu HF, Zhu WZ, et al. Intermit- loop-helix-PAS heterodimer regulated by
2. Millet GP, Roels B, Schmitt L, ef al. Com- tent hypoxia attenuates ischaemia/reperfu- cellular 02 tension. Proc Nat/ Acad Sci USA.
bining hypoxic methods for peak perfor- sion induced apoptosis in cardiac myocytes 1995; 92: 5510-4.
mance. Sports Med. 2010; 40: 1-25. via regulating Bcl-2/Bax expression. Cell 19. Semenza GL. Hypoxia-inducible factor 1:
3. FuQ, Townsend NE, Shiller SM, et al. Inter- Res. 2003; 13: 385-91. master regulator of O, homeostasis. Curr
mittent hypobaric hypoxia exposure does 11.  Kolar F, Neckar J, Ostadal B. MCC-134, a Opin Genet Dev. 1998; 8: 588-94.
not cause sustained alterations in autonomic blocker of mitochondrial and opener of sar-  20.  Semenza GL. Hypoxia-inducible factor 1 and
control of blood pressure in young athletes. colemmal ATP-sensitive K+ channels, abro- the molecular physiology of oxygen homeo-
Am J Physiol Regul Integr Comp Physiol. gates cardioprotective effects of chronic stasis. J Lab Clin Med. 1998; 131: 207-14.
2007; 292: R1977-84. hypoxia. Physiol Res. 2005; 54: 467-71. 21.  Semenza GL, Agani F, lyer N, efal
4.  Meeuwsen T, Hendriksen IJ, Holewijn M.  12.  Neckar J, Szarszoi 0, Koten L, ef al. Effects Hypoxia-inducible factor 1: from molecular
Training-induced increases in sea-level per- of mitochondrial K(ATP) modulators on car- biology to cardiopulmonary physiology.
formance are enhanced by acute intermittent dioprotection induced by chronic high alti- Chest. 1998; 114: 40S-5S.
hypobaric hypoxia. Eur J Appl Physiol. 2001; tude hypoxia in rats. Cardiovasc Res. 2002;  22. Jaakkola P, Mole DR, Tian YM, et al. Tar-
84: 283-90. 55: 567-75. geting of HIF-alpha to the von Hippel-Lindau
5. Ventura N, Hoppeler H, Seiler R, et al. The  13. Meerson FZ, Ustinova EE, Orlova EH. Pre- ubiquitylation complex by 0,-regulated
response of trained athletes to six weeks of vention and elimination of heart arrhythmias prolyl hydroxylation. Science. 2001; 292:
endurance training in hypoxia or normoxia. by adaptation to intermittent high altitude 468-72.
Int J Sports Med. 2003; 24: 166-72. hypoxia. Clin Cardiol. 1987; 10: 783-9. 23.  Bruick RK, McKnight SL. A conserved family
6. Wang ZH, Chen YX, Zhang CM, et al. Inter-  14.  Guo HC, Zhang Z, Zhang LN, et al. Chronic of prolyl-4-hydroxylases that modify HIF.
mittent hypobaric hypoxia improves postis- intermittent hypobaric hypoxia protects the Science. 2001; 294: 1337-40.
chaemic recovery of myocardial contractile heart against ischaemia/reperfusion injury  24. Masson N, Willam C, Maxwell PH, et al.
function via redox signaling during early rep- through upregulation of antioxidant enzymes Independent function of two destruction
erfusion. Am J Physiol Heart Circ Physiol. in adult guinea pigs. Acta Pharmacol Sin. domains in hypoxia-inducible factor-alpha
2011; 301: H1695-705. 2009; 30: 947-55. chains activated by prolyl hydroxylation.
7. XuWQ,YuZ XieY, ef al. Therapeutic effect  15.  Zhang Y, Zhong N, Zhu HF, ef al. Antiar- EMBO J. 2001; 20: 5197-206.
of intermittent hypobaric hypoxia on myo- rhythmic and antioxidative effects of intermit- ~ 25.  Lippi G, Montagnana M, Guidi GC. Albumin
cardial infarction in rats. Basic Res Cardiol. tent hypoxia exposure on rat myocardium. cobalt binding and ischaemia modified
2011; 106: 329-42. Sheng Li Xue Bao. 2000; 52: 89-92. albumin  generation: an  endogenous
8. Chen L, Lu XY, Li J, efal Intermittent 16. Ding HL, Zhu HF, Dong JW, et al. Intermit- response to ischaemia? Int J Cardiol. 2006;
hypoxia protects cardiomyocytes against tent hypoxia protects the rat heart against 108: 410-1.
ischaemia-reperfusion injury-induced altera- ischaemia/reperfusion injury by activating 26. Ivan M, Kondo K, Yang H, et al. HIFalpha
tions in Ca*" homeostasis and contraction protein kinase C. Life Sci. 2004; 75: 2587— targeted for VHL-mediated destruction by
via the sarcoplasmic reticulum and Na*/Ca®* 603. proline hydroxylation: implications for O,
exchange mechanisms. Am J Physiol Cell 17. Belaidi E, Beguin PC, Levy P, et al. Delayed sensing. Science. 2001; 292: 464-8.
Physiol. 2006; 290: C1221-9. myocardial preconditioning induced by 27. Bell EL, Chandel NS. Mitochondrial oxygen
9.  YuZ, Wang ZH, Yang HT. Calcium/calmodu- cobalt chloride in the rat: HIF-1alpha sensing: regulation of hypoxia-inducible fac-
lin-dependent protein kinase Il mediates car- and iNOS involvement. Fundam Clin tor by mitochondrial generated reactive
1152 © 2011 The Authors

Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

oxygen species. Essays Biochem. 2007; 43:
17-27.

Bell EL, Klimova TA, Eisenbart J, et al. The
Qo site of the mitochondrial complex Ill is
required for the transduction of hypoxic sig-
naling via reactive oxygen species produc-
tion. J Cell Biol. 2007; 177: 1029-36.
Brunelle JK, Bell EL, Quesada NM, ef al.
Oxygen sensing requires mitochondrial ROS
but not oxidative phosphorylation. Cell
Metab. 2005; 1: 409-14.

Chandel NS, McClintock DS, Feliciano CE,
et al. Reactive oxygen species generated at
mitochondrial complex 111 stabilize hypoxia-
inducible factor-1alpha during hypoxia: a
mechanism of 0, sensing. J Biol Chem.
2000; 275: 25130-8.

Qutub AA, Popel AS. Reactive oxygen spe-
cies regulate hypoxia-inducible factor 1alpha
differentially in cancer and ischaemia. Mol
Cell Biol. 2008; 28: 5106-19.

Semenza GL, Shimoda LA, Prabhakar NR.
Regulation of gene expression by HIF-1.
Novartis Found Symp. 2006; 14: 33-6.
Semenza GL. Hydroxylation of HIF-1: oxy-
gen sensing at the molecular level. Physiol-
ogy (Bethesda). 2004; 19: 176-82.

Tekin D, Dursun AD, Xi L. Hypoxia inducible
factor 1 (HIF-1) and cardioprotection. Acta
Pharmacol Sin. 2011; 31: 1085-94.

Norton CE, Jernigan NL, Kanagy NL, et al.
Intermittent hypoxia augments pulmonary
vascular smooth muscle reactivity to NO:
regulation by reactive oxygen species. J App/
Physiol. 2011; in press: doi: 10.1152/jappl-
physiol.01286.2010.

Clanton TL. Hypoxia-induced reactive oxy-
gen species formation in skeletal muscle. J
Appl Physiol. 2007; 102: 2379-88.

Dosek A, Ohno H, Acs Z, et al. High altitude
and oxidative stress. Respir Physiol Neuro-
biol. 2007; 158: 128-31.

Pialoux V, Hanly PJ, Foster GE, et al.
Effects of exposure to intermittent hypoxia
on oxidative stress and acute hypoxic venti-
latory response in humans. Am J Respir Crit
Care Med. 2009; 180: 1002-9.

Radak Z, Asano K, Lee KC, et al. High alti-
tude training increases reactive carbonyl
derivatives but not lipid peroxidation in skel-
etal muscle of rats. Free Radic Biol Med.
1997; 22: 1109-14.

Devi SA, Vani R, Subramanyam MV, ef al.
Intermittent hypobaric hypoxia-induced oxi-
dative stress in rat erythrocytes: protective
effects of vitamin E, vitamin C, and carnitine.
Cell Biochem Funct. 2007; 25: 221-31.
Penna C, Rastaldo R, Mancardi D, et al.
Post-conditioning induced cardioprotection

© 2011 The Authors
Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

42.

43.

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

requires signaling through a redox-sensitive
mechanism, mitochondrial ATP-sensitive K+
channel and protein kinase C activation.
Basic Res Cardiol. 2006; 101: 180-9.
Tsutsumi YM, Yokoyama T, Horikawa Y,
et al. Reactive oxygen species trigger
ischaemic and pharmacological postcondi-
tioning: in vivo and in vitro characterization.
Life Sci. 2007; 81: 1223-7.

Przyklenk K, Whittaker P. Cardioprotection
via adaptation to hypoxia: expanding the
timeline and targets? Basic Res Cardiol.
2011; 106: 325-8.

Brugniaux JV, Pialoux V, Foster GE, et al.
Effects of intermittent hypoxia on erythro-
poietin, soluble erythropoietin receptor and
ventilation in humans. Eur Respir J. 2011;
37: 880-7.

Mackenzie RW, Watt PW, Maxwell NS.
Acute normobaric hypoxia stimulates eryth-
ropoietin release. High Alt Med Biol. 2008; 9:
28-37.

Sanchis-Gomar F, Martinez-Bello VE, Do-
menech E, efal. Effect of intermittent
hypoxia on hematological parameters after
recombinant human erythropoietin adminis-
tration. Eur J Appl Physiol. 2009; 107: 429-
36.

Martinez-Bello VE, Sanchis-Gomar F, Na-
scimento AL, ef al. Living at high altitude in
combination with sea-level sprint training
increases hematological parameters but
does not improve performance in rats. Eur J
Appl Physiol. 2011; 111: 1147-56.

Lippi G, Franchini M. Intermittent hypoxic
training: doping or what? Eur J Appl Physiol.
2010; 108: 411-2.

Lippi G, Franchini M, Guidi GC. Prohibition
of artificial hypoxic environments in sports:
health risks rather than ethics. Appl/ Physiol
Nutr Metab. 2007; 32: 1206-7; discussion 8
-9.

Richter V, Savery MD, Gassmann M, et al.
Excessive erythrocytosis compromises the
blood-endothelium interface in erythropoie-
tin-overexpressing mice. J Physiol. 2011;
in press: doi: 10.1113/jphysiol.2011.209262.
Greenberg G, Assali A, Vaknin-Assa H,
et al. Hematocrit level as a marker of
outcome in ST-segment elevation myocar-
dial infarction. Am J Cardiol. 2010; 105:
435-40.

Lippi G, Franchini M, Targher G. Arterial
thrombus formation in cardiovascular dis-
ease. Nat Rev Cardiol. 2011; in press: doi:
10.1038/nrcardio.2011.91.

Ramond A, Ribuot C, Levy P, ef al. Deleteri-
ous myocardial consequences induced by
intermittent hypoxia are reversed by erythro-

J. Cell. Mol. Med. Vol 16, No 5, 2012

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

poietin. Respir Physiol Neurobiol. 2007;
156: 362-9.

Stray-Gundersen J, Levine BD. Live high,
train low at natural altitude. Scand J Med Sci
Sports. 2008; 18(Suppl. 1): 21-8.

Richalet JP, Gore CJ. Live and/or sleep
high:train low, using normobaric hypoxia.
Scand J Med Sci Sports. 2008; 18(Suppl. 1):
29-37.

Bartsch P, Dehnert C, Friedmann-Bette B,
et al. Intermittent hypoxia at rest for
improvement of athletic performance. Scand
J Med Sci Sports. 2008; 18(Suppl. 1): 50-6.
Wilber RL, Stray-Gundersen J, Levine BD.
Effect of hypoxic “dose” on physiological
responses and sea-level performance. Med
Sci Sports Exerc. 2007; 39: 1590-9.

Julian CG, Gore CJ, Wilber RL, ef al. Inter-
mittent normobaric hypoxia does not alter
performance or erythropoietic markers in
highly trained distance runners. J Appl Phys-
iol. 2004; 96: 1800-7.

Roels B, Millet GP, Marcoux CJ, ef al.
Effects of hypoxic interval training on cycling
performance. Med Sci Sports Exerc. 2005;
37:138-46.

Truijens MJ, Toussaint HM, Dow J, ef al.
Effect of high-intensity hypoxic training on
sea-level swimming performances. J App/
Physiol. 2003; 94: 733-43.

Neya M, Enoki T, Kumai Y, ef al. The effects
of nightly normobaric hypoxia and high
intensity training under intermittent normo-
baric hypoxia on running economy and
hemoglobin mass. J Appl Physiol. 2007;
103: 828-34.

Esteva S, Pedret R, Fort N, ef al. Oxidative
stress status in rats after intermittent expo-
sure to hypobaric hypoxia. Wilderness Envi-
ron Med. 2010; 21: 325-31.

Vani R, Reddy CS, Asha Devi S. Oxidative
stress in erythrocytes: a study on the effect
of antioxidant mixtures during intermittent
exposures to high altitude. Int J Biometeo-
rol. 2010; 54: 553-62.

Drager LF, Polotsky VY, Lorenzi-Filho G.
Obstructive sleep apnea: an emerging risk
factor for atherosclerosis. Chest. 2011; 140:
534-42.

Fava C, Montagnana M, Favaloro EJ, et al.
Obstructive sleep apnea syndrome and car-
diovascular ~ diseases.  Semin  Thromb
Hemost. 2011; 37: 280-97.

Park AM, Suzuki YJ. Effects of intermittent
hypoxia on oxidative stress-induced myocar-
dial damage in mice. J Appl Physiol. 2007,
102: 1806-14.

Drager LF, Li J, Reinke C, ef al. Intermittent
hypoxia exacerbates metabolic effects of

1153



68.

69.

1154

diet-induced obesity. Obesity (Silver Spring).
2011; in press: doi: 10.1038/0by.2011.240.
Genovese A, Latte S, Bozzaotre M, ef al.
Response of the left ventricular connective
tissue to hypoxia. Res Exp Med (Berl). 1983;
183: 111-5.

Siebenmann C, Bloch KE, Lundby C, ef al.
Dexamethasone improves maximal exer-

70.

cise capacity of individuals susceptible to
high altitude pulmonary edema at 4559 m.
High Alt Med Biol. 2011; 12: 169-
7.

Zhou Q. Standardization of methods for early
diagnosis and on-site treatment of high-alti-
tude pulmonary edema. Pulm Med. 2011;
2011: 190648.

7.

72.

Hall DP, Duncan K, Baillie JK. High altitude
pulmonary oedema. J R Army Med Corps.
2011; 157: 68-72.

Anderson JD, Honigman B. The effect of
altitude-induced hypoxia on heart disease:
do acute, intermittent, and chronic expo-
sures provide cardioprotection? High Alt
Med Biol. 2011; 12: 45-55.

© 2011 The Authors

Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd



