
 

I 
 

 

Ulm University 

Medical Faculty 

 

 

 

Physiological effects of training in hypoxic 

environments and its benefits for prevention 

and rehabilitation 

 

 

 

 

Cumulative Dissertation  

 

submitted to obtain the doctoral degree of  

Human Biology of the Medical Faculty  

of Ulm University 

 

 

 

 

 

 

 

Submitted by 

Stephan Pramsohler 

Sterzing 

2017 

  



 

II 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Officiating dean: Prof. Dr. Thomas Wirth  

 

First reviewer: Prof. Dr. Nikolaus C. Netzer 

 

Second reviewer: Prof. Dr. Josef Högel 

 

 

Day of promotion: 27.04.2018



 

i 
 

 

Content 

 

List of Abbreviations ............................................................................................................................ii 

1. Abstract ...................................................................................................................................... 1 

2. Introduction ............................................................................................................................... 3 

3. Study A ....................................................................................................................................... 5 

3.1. Summary ............................................................................................................................ 5 

3.2. Material and Methods........................................................................................................ 5 

3.3. Results ................................................................................................................................ 5 

3.4. Conclusion .......................................................................................................................... 6 

4. Study B........................................................................................................................................ 7 

4.1. Summary ............................................................................................................................ 7 

4.2. Material and Methods........................................................................................................ 7 

4.3. Results ................................................................................................................................ 8 

4.4. Conclusion .......................................................................................................................... 9 

5. Study C ..................................................................................................................................... 10 

5.1. Summary .......................................................................................................................... 10 

5.2. Material and Methods....................................................................................................... 10 

5.3. Results .............................................................................................................................. 10 

5.4. Conclusion ........................................................................................................................ 11 

6. Study D ..................................................................................................................................... 12 

6.1. Summary .......................................................................................................................... 12 

6.2. Material and Methods...................................................................................................... 12 

6.3. Results .............................................................................................................................. 13 

6.4. Conclusion ........................................................................................................................ 15 

7. Discussion ................................................................................................................................. 16 

8. Perspectives ............................................................................................................................. 18 

9. References ................................................................................................................................ 19 

10. Appendix .............................................................................................................................. 23 

11.1  Study A including author contributions ........................................................................... 23 

11.2  Study B including author contributions............................................................................ 27 

11.3  Study C including author contributions ............................................................................ 38 

11.4  Study D including author contributions ........................................................................... 44 

Acknowledgements .......................................................................................................................... 52 

Curriculum Vitae............................................................................................................................... 53 

 



 

ii 
 

List of Abbreviations  

 

AMS  = acute mountain sickness 

BMI  = body mass index 

CO2  = carbon dioxide 

ECG   = electrocardiogram 

EF   = ejection fraction 

FiO2  = inspired oxygen fraction 

HAPE  = high altitude pulmonary edema 
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1. Abstract 

 

Background: The benefits of training in hypoxic environments are widely discussed. 

Several interventional studies prove its usefulness for different applications. Lately the 

impact of hypoxia on pre-existing health conditions in middle aged and elderly populations 

has come into focus. Especially the potential of hypoxic training in reducing the workload 

during endurance training could withhold great benefits for orthopedically impaired 

populations like geriatric patients. Furthermore, several studies show beneficial effects of 

hypoxic training on cardiovascular risk factors and blood perfusion in muscles. This study 

compound aims at the investigation of physiological effects and potential benefits of hypoxic 

training interventions in the elderly. 

 

Methods: Three studies and one review are supposed to give an overview of physiological 

effects and the usability of hypoxia as additive for endurance training in the elderly. Study 

A evaluates the effects of a commonly practiced hiking prevention program on 

cardiovascular risk factors in 24 elderly subjects (10 female, age 66.2 ± 4.4 years and 14 

male, age 65.6 ± 2.7 years). Study B and C identify possible obstacles and risks when 

planning rehabilitation or prevention programs in NH. Study B shows the main differences 

between NH and HH comparing the physiological effects in six subjects (age 28.3 ± 8.2 

years) during a “real” and a simulated hike. Meanwhile, paper C gives an overview of 

possible risks and especially the impact of prolonged hypoxia exposure and its potential 

impact on cognitive functions. Finally, in Study D, 40 geriatric patients (NG: n = 16, age 

82.0 ±7.8 years, HG: n = 19, age 80.2 ± 7.2 years) participated in a single blinded, placebo 

controlled interventional study, investigating the potential reduction of physical workload 

during endurance training using NH and its physiological effects. 

 

Results: Only one hiking session per week over a time course of nine months does not lower 

cardiovascular risk factors in subjects older than 60 years. Systolic blood pressure seems to 

be lowered only in patients with pathological or borderline values. For prevention- or 

rehabilitation programs, using normobaric hypoxia, some differences have to be taken into 

account. In NH, heartrate is lower while peripheral oxygen saturation is higher maintaining 

a similar physical strain as in HH (p < 0.05). Furthermore, NH seems to impair cognitive 

reaction time after sleep to a certain degree.  Physical workload (Watt/kg p = 0.012) and 
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related parameters are significantly reduced in a three week interventional endurance 

training study on simulated 3000 m in the elderly.  

 

Discussion: NH training lowers physical workload during endurance training in the elderly. 

Especially for geriatric rehabilitation, where patients and their therapists have only three 

weeks and rather short training sessions for measurable improvements, NH has great 

benefits.  Furthermore, it seems to provide a safe environment and allows better monitoring 

than HH for prevention- or rehabilitation programs. Cardiac and pulmonary demands are 

lower in NH compared to HH. Overnight stays in hypoxia bear some risk for cognitive 

impairment, which has to be taken into account as possible risk for accidents. Nevertheless, 

we think during normal daytime training sessions and in quite low altitudes, this is no 

limiting factor for preventive- or rehabilitative programs. The common hiking routine of 

only one hiking session per week, practiced by most elderly, seems not to be sufficient to 

improve cardiovascular fitness. Therefore, the search for new possibilities to use the benefits 

of hypoxia for this age group is of importance.  

 

Conclusion: Training in hypoxic environments bears a lot of potential for certain patient 

groups. Especially the use of NH as additive to endurance training either to lower physical 

workload or to enhance the training intensity seems to be promising. This also could open 

the field of low volume high intensity training for geriatrics. 
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2. Introduction 

Training in different hypoxic environments has been of special interest to the scientific 

community since 60 years [43]. The scientific focus lay mainly on the physiological 

mechanisms accompanying ambient hypoxia as well as the impact and usability of 

hypoxic stimuli for mountaineers, high altitude workers or elite athletes [43]. Even 

though several articles have been published in this field, no clear picture regarding 

different protocols and its resulting effects can be drawn. Even nowadays, the 

physiological effects of hypoxic training withhold many unanswered questions [40]. 

While it seems to be debated if hypoxic training can be used to enhance peak 

performance, more and more investigators long for the exploitation of the few known 

effects for several different patient groups [43]. 

Following reports from mountaineers, training in hypoxic environments is thought to 

promote weight loss and influence adipose tissue as well as fat metabolism [16]. In this 

context, several studies investigate the impact of hypoxic interventions on obesity and 

the metabolic syndrome [29,44]. Furthermore, hypoxic preconditioning as well as the 

promotion of angiogenesis with hypoxic stimuli is thought to improve oxygenation and 

blood perfusion in the long run [39]. The discovery of the hypoxia inducible factor HIF1α 

as the main promoter for adaption to hypoxia has widened the field and added new 

knowledge to the understanding of cancer development and proliferation [9]. 

A rather new field of interest are changes in physiological adaptions due to hypoxic 

stimuli, regarding gender differences or different age groups. Considering the increasing 

numbers of persons reaching certain altitudes, such findings gain more and more 

practical importance [43]. Especially for older generations, mountaineering and altitude 

hiking seem to withhold a special fascination [7]. From a physiological point of view, 

altitude hiking bears a lot of potential for older individuals or even geriatrics. On one 

hand, there occur several physiological adaptions provoked by the hypoxic environment 

[43]. On the other hand, hiking is a highly demanding activity requiring balance, strength 

and attentiveness [41,43]. 

Interventional studies investigating preventive or rehabilitative use of different hypoxic 

settings with older subjects are quite scarce. Especially the potential dangers for patients 

suffering from pre-diagnosed diseases (i.e. coronary heart disease, heart failure, chronic 

obstructive pulmonary edema) remain unclear. Much more research in this field is 

needed to provide guidelines for patients and caretakers. Here, normobaric hypoxia 
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rooms can provide save clinical environments for studies and diagnostics. This study 

compound aims at investigating the physiological effects of training in hypoxic 

environments and its benefits for prevention and rehabilitation focusing on the elderly 

population as well as at the interchangeability of normobaric and hypobaric hypoxia.  

The first aim (Study A) was to investigate if a hiking intervention qualifies as prevention-

program for metabolic syndrome.  The second aim (Study B) was to investigate the 

interchangeability of hypobaric hypoxia with normobaric hypoxia in order to put it to 

use in clinical investigations. The third aim (Study C) was to evaluate possible side 

effects of hypoxia exposure. The fourth aim (Study D) was to show that training in 

normobaric hypoxia has the potential to improve geriatric rehabilitation. 

We hypothesized that different hypoxic environents is useful for prevention- as well as 

rehabilitation programs in older individuals. 

 

Study A 

Gatterer, H., Raab, C., Pramsohler, S., Faulhaber, M., Burtscher, M., & Netzer, N. 

(2015). Effect of weekly hiking on cardiovascular risk factors in the elderly. Zeitschrift 

für Gerontologie und Geriatrie, 48(2), 150-153. 

 

Study B 

Netzer, N. C., Rausch, L., Eliasson, A. H., Gatterer, H., Friess, M., Burtscher, M., & 

Pramsohler, S. (2017). SpO2 and Heart Rate During a Real Hike at Altitude Are 

Significantly Different than at Its Simulation in Normobaric Hypoxia. Front Physiol. 

2017 Feb 13;8:81. 2017. 

 

Study C 

Pramsohler, S., Wimmer, S., Rausch, L., & Netzer, N. (2017). Schlaf in der Höhe. 

Pneumologie, 71(03), 146-150. 

 

Study D 

Pramsohler, S., Burtscher, M., Faulhaber, M., Gatterer, H., Rausch, L., Eliasson, A., & 

Netzer, N. C. (2017). Endurance Training in Normobaric Hypoxia Imposes Less Physical 

Stress for Geriatric Rehabilitation. Frontiers in Physiology, 8. 
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3. Study A 

3.1. Summary 

Generally hiking is a rather time-consuming activity. Therefore, it is commonly done at 

weekends only [7,21,32]. In order to recommend regular hiking as a prevention-program 

for various diseases it is necessary to evaluate if the stimulus of only one or even less 

hiking sessions a week provoke measureable adaptions. A great portion of persons aged 

60 years and older suffer from hypertension as well as hyperglycemia which are known 

to lead to more severe diseases like heart failure or stroke [28]. Therefore, we 

investigated in a 9-month interventional hiking study the effects on BMI, RR, HbA1c, 

HDL and LDL in older people. 

 

3.2. Material and Methods 

10 female (age 66.2 ± 4.4 years) and 14 male (age 65.6 ± 2.7 years) participants were 

included. Pre- and post-test were performed including measurements of anthropometric 

data, a resting ECG, RR measurement and HbA1c as well as LDL and HDL 

determination. Where indicated, an exercise ECG was performed to ensure safety during 

the intervention. 

The intervention consisted in nine month of regular mountain hiking, completing an 

increase of minimum 500 m altitude within three hours at least once a week. This did not 

include decent. To stay quite close to common practice, participants were allowed to 

reach an altitude increase of 1000 m within six hours every two weeks. Resting periods 

lasting longer than two weeks were not allowed. Exercise was required to be performed 

at least at 31 of the total 37 weeks. Participants recorded their hiking sessions via journal 

and performed self-administered resting RR measurements every second day. 

Data analysis were performed with SPSS statistical software package (PASW Statistics 

for Windows version 18.0, SPSS Inc., Chicago, IL, USA). Data are presented as means 

± SD. For statistical analyses Kolmogorov-Smirnov, student t-test as well as Wilcoxon 

test were used were appropriate. The significance threshold was set at 0.05. 

 

3.3. Results 

Participants showed a normal cardiovascular risk profile at pre-test. Over the time course 

of the nine months, no changes in HbA1c, LDL or HDL could be found. Resting RR 

values did not change as well. After subgroup analysis for pathological or borderline 
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values at pre-test, only systolic blood pressure tended to improve (from 145.6 ± 7.0 

mmHg to 137.0 ± 9.3 mmHg; p= 0.068). According to the age predicted peak oxygen 

uptake, training intensity was approximately 50%. 

 

Table 1: Changes in measured parameters over the 9-month period for the entire group and in terms of 

gender, displayed in means ± standard deviation. [13] page 151 

 

 

 

 

 

 

 

 

3.4. Conclusion 

Hiking in lower altitudes and with only one session a week does not seem to be sufficient 

to provoke relevant adaptions. Supposedly the lack of effect is ought to the low exercise 

intensity of approximately 50% of VO2max as well as for the low hypoxic stimulus [32]. 

Furthermore, the recruiting for such a volunteer exercise study protocol often contains a 

bias in subject selection because usually exercise oriented persons sign up for such 

studies. Therefore, the subjects were in an overall quite good health state at the beginning 

of the trial allowing only small adaptions. Nonetheless, the measured risk factors did not 

worsen during the interventional period and in subjects with pathological or borderline 

values systolic RR tended to improve. To recommend hiking on a regular basis as 

prevention for metabolic syndrome it seems to be necessary to practice more often per 

week [20]. Our subjects reported that the time and money (transport to hiking locations) 

needed to participate almost exceeded their personal limit. Therefore, we think 

recommending more frequent hikes is not feasible. Additionally, a higher training 

intensity as well as altitudes above 2500 m could improve the outcome [8]. These 

postulations are quite hard to meet at old age and bear logistical as well as physical 

barriers for a large group of elderly. 
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4. Study B 

4.1. Summary 

A practical alternative to real altitude hikes could provide simulated hikes in normobaric 

altitude chambers. Although, more knowledge regarding differences in physiological 

reactions between NH and HH is needed for a scientific- and save use of NH in clinical 

investigations or preventive and rehabilitative programs. The interchangeability of NH 

and HH is largely discussed [15,22]. Several study groups found slight differences in the 

two, but the underlying mechanisms leading to those differences are still quite unclear 

[36]. Therefore, we compared the two conditions longing for a maximum of 

standardization investigating differences in HR, SpO2 and the occurrence of AMS. 

 

4.2. Material and Methods 

Six healthy subjects (age 28.3 ± 8.2 years) with a self-reported fitness routine of 1-4 

hours per week participated in two hikes. None of the subjects have been to altitudes 

above 2,000 m a.s.l during the last six months. Participants completed two trials (T1 and 

T2). The study design was controlled for worn cloth, fluid and food intake as well as 

carried weight to maximize comparability of T1 and T2. Temperature and humidity were 

continually measured in both settings. During both hikes SpO2 and HR were measured 

by self-administered pulse oximetry every 15 min by the participants. 

At T1 the 7-hour hike (including breaks) was simulated in a normobaric altitude room, 

mimicking the exact same parameters as on the Humu’ula trail on the mountain Mauna 

Kea in Hawaii. It consisted of a 7-hour treadmill walk including breaks (h/p Cosmos 

Mercury and Quasar) with an inclination of 14.2% and a constant speed of 1.6 km/h. NH 

was provided by an oxygen expulsion system (Low Oxygen Systems; Berlin-Buch, 

Germany). The expulsion system (oxygen exchange through nitrogen) allows a mixture 

of fresh air to keep controlled CO2 levels comparable to the levels in HH. Participants 

started walking at a simulated altitude of 2,800 m. The FiO2 in the chamber was modified 

automatically, which led to the completion of the treadmill task at a simulated altitude 

of 4,200m. 

Four weeks after T1 the actual hike in HH (T2) was performed by the same subjects. 

Parameters as PB, temperature, energy- and fluid-intake were constantly measured. Data 

were expressed as means and standard deviation or as medians with 95% confidence 

intervals as appropriate. Nonparametric tests (Wilcoxon) were used for HR, SpO2, and 
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AMS scores at each time point comparing NH and HH. The significance threshold was 

set at 0.05. 

 

4.3. Results 

The simulation did mimic the conditions in HH quite well as shown in Figure 1. 

Temperature ranged in both conditions at all altitude levels around 20 °C (19–24 °C) and 

humidity was between 50 and 60 % (average on Mauna Kea 58%; in the chamber 55%). 

HR and SpO2 differed significantly in most of the measured time points as show in Table 

2 (HR 66%, SpO2 62% of the time points). An overall statistical difference between NH 

and HH regarding HR and SpO2 was detected (p < 0.05). HR values were significantly 

higher while SpO2 values were significantly lower in HH. AMS scores did not differ 

significantly between the chamber and the mountain. Self-reported Borg scale values 

showed no difference for rate of perceived exertion in both NH (12.33 ± 2.07) and HH 

(12.33 ± 1.75). 

 

 

Figure 1: Comparison of inspired oxygen (PiO2 and peripheral oxygen saturation (SpO2) during the hikes 

in normobaric (NH) and hypobaric hypoxia (HH). 

Legend: Break 1 at 3,100 m altitude, break 2 at 3,500 m altitude, break 3 at 3,900 m altitude; % = SpO2 

%; mmHg = PiO2 mmHg. [27] page 4 
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Table 2: Actual fraction of inspired oxygen (FiO2) in normobaric hypoxia (NH) and barometric pressure 

(PB) in hypobaric hypoxia (HH).Medians (confidence intervals, CI) of heart rate (HR)and peripheral 

oxygen saturation (SpO2) and p-values between NH and HH. [27] page 5 

 

 
 

4.4. Conclusion 

There are significant differences in physiological reactions between NH and HH. Both, 

HR and SpO2, behave significantly different even when keeping PiO2 levels constant. 

Concurring with the argumentation of other study groups, these differences are most 

likely ought to a higher dead space ventilation caused by a higher breathing frequency 

and lower tidal volume compared to NH [36,37]. The underlying mechanisms causing 

those changes remain unclear. Unfortunately, logistical constraints did not allow a 

randomization to the different study stages nor blinding the subjects to the experimental 

conditions which limits our study outcome. Furthermore, we did not measure urine 

concentrations to exclude higher fluid loss due to higher ventilation rates. Nevertheless, 

monitoring and measuring of the subjects as well as eventual emergency measures seem 

far easier to execute in NH. This allows a maximum of safety, which makes NH a useful 

alternative to hiking in real altitude. Moreover, our findings indicate that NH, when it 

comes to HR as well as SpO2, does not bare higher risks for usability in prevention or 

rehabilitation programs. Those two parameters do not indicate a higher cardiac or 

pulmonary stress for NH compared to HH.  
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5. Study C 

5.1. Summary 

Besides the additional stress to the heart, hypoxia supposedly bears also other risks. 

Hypoxia has been known for decades as troublemaker. This is ought to the fact, that in 

clinical settings usually severe diseases lead to hypoxic states [4]. Obviously, here 

immediate treatment is necessary to prevent serious consequences. At altitude the cause 

for the hypoxic state is known and fully reversible with leaving the hypoxic environment 

[12,43]. In this case and for a short time, the healthy human body is able to compensate 

the hypoxic state and even adapt to some degree, avoiding damage due to hypoxia up to 

certain altitudes [43]. Nevertheless, hypoxia withholds serious dangers even for healthy 

persons as AMS, HAPE and HACE [43]. Their occurrence depends on the protocol of 

ascent, the degree of acclimatization as well as genetics [43]. In order to recommend 

hiking in altitude for prevention and rehabilitation, it is necessary to gain more 

knowledge about the downsides of hypoxia. Sleep at altitude seems to play an important 

role for the development of altitude related diseases because most problems in altitude 

hikes occur after the first or second night in hypoxia [1,46]. Therefore, we aimed at 

reviewing current literature on sleep at altitude and conducted small experiments 

investigating its pathological consequences.  

 

5.2. Material and Methods 

Literature search was conducted to identify relevant articles and to give an overview on 

sleep at altitude and its pathological consequences. The data of two own studies were 

integrated. One case report investigating the influence of β-blocker dose on altitude 

sleep, as well as a small sample size study (11 subjects) to show the impact of hypoxia 

on cognition as well as gender differences. The 11 subjects slept at three different 

simulated altitudes in normobaric hypoxia (3500 m, 4500 m, 5500 m). Directly after 

awakening a reaction testing with the “RT Schufried” was performed to assess motoric- 

and cognitive reaction time. 

 

5.3. Results 

Hypoxia induced periodic breathing characterizes sleep at high altitudes. Reaching a 

certain altitude, almost all individuals develop periodic breathing [3]. However, its role 

is not sufficiently explored. On one hand it seems to have a protective effect, on the other 
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hand it impairs sleep drastically [19]. Especially high doses of β-blockers cause periodic 

breathing to occur already at lower altitudes as shown in our case report. Nevertheless, 

periodic breathing and impaired sleep in general does not seem to be solely responsible 

for the development of AMS. More likely, the exposure time to low oxygen levels plays 

the bigger part in the development of altitude sicknesses [2]. Currently, the impact on 

cognitive functions of prolonged and acute hypoxia exposure is largely discussed 

[26,30]. Hypoxia seems to influence cognitive functioning to a certain degree depending 

on altitude, exposure time, gender and genetics. 

 

 
 

Figure 2: Inspired oxygen fraction (FiO2) and cognitive reaction time in seconds (sec.) after the three 

nights on different altitude levels. 

Legend: * p ≤ 0.05, **p ≤ 0.025. [34] page 149 (modified in agreement with “Georg Thieme Verlag KG 

Stuttgart”) 

 

 

5.4. Conclusion 

The hypoxia occurrence during altitude hikes bears some dangers. The brain strongly 

depends on oxygen and seems to be affected by hypoxia. Nevertheless, to our knowledge 

most studies assessed cognition only in quite high altitudes above 3500 m. We cannot 

exclude the possibility of the impairment of cognitive functions also in lower altitudes. 

Conclusively, possible preventive or rehabilitative programs should as precaution, only 

use low altitudes. Furthermore, in our opinion, keeping training sessions short, 

minimizes the impact on cognition. 
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6. Study D 

6.1. Summary 

Summarizing those previous findings, we aimed at designing and evaluating a 

normobaric hypoxic training intervention with geriatric patients at 3000 m simulated 

altitude as rehabilitation program. Especially for geriatric rehabilitation, normobaric 

hypoxia holds a lot of potential. Above the age of 65, mountaineering and altitude hiking 

carries more and more logistical barrier’s and safety concerns as mentioned in Study A. 

Training in normobaric hypoxia rooms could provide a practicable setting for the elderly. 

Hypoxia leads to elevated heart rate and breathing frequency while physical impact on 

the locomotor system is correspondingly low [38]. HIT has shown to provoke bigger 

adaptions than the commonly used moderate intensity endurance training [42]. 

Therefore, normobaric hypoxia interventions seem to provide both, higher training 

intensities as well as low impact on the locomotor system. Main parameters should be 

Watt, Watt/kg, Velocity, EF, HR, Grade, walking distance, RR and SpO2. 

 

6.2. Material and Methods 

At pre-test, anthropometric data were collected and echocardiography was performed. 

Spiroergometry with ECG monitoring was conducted using a standard protocol for 

heavily impaired patients. The testing was interrupted following current criteria [31]. 

The testing was also interrupted upon attaining subjective exhaustion equivalent to 18 

on the BORG-Scale [5]. Target training intensity was set as HR at 80% of VO2peak with 

5 bpm added to account for the conversion from cycle to treadmill training [18]. 40 

recruited patients were randomly assigned in equal numbers to the HG or the NG. The 

main parameters were EF by echocardiogram, peak HR, O2 saturation, VO2peak, and 

peak O2/HR.  

Each group performed 7 training sessions during their 3-week stay in the geriatric 

rehabilitation center in a normobaric hypoxic chamber. The HG trained at a simulated 

altitude of 3000 meters (FiO2 = 15.27%) while the NG trained in sham hypoxia (room 

air at FiO2 = 20.94%). Patients were blinded to the different conditions though the 

investigators were not (single-blinded). Each training included a stay of at least 30 min 

within the hypoxic room. Of this 30 min stay, active training had to be performed for a 

minimum of 10 min and a maximum of 30 min. The treadmill (h/p/cosmos, Traunstein, 

Germany) offered forearm supports for more impaired patients and a safety belt to stop 
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the movement in an emergency. Considering the physical and medical impairments of 

each patient, the therapists tried to reach the target HR, taking care not to exceed the 

given limit. RR (Omron M400 IT) was measured before each training session, while HR 

(Polar Heart Rate Sensor T31) and O2 saturation (NONIN Go 2) were monitored 

continuously during training. The intervention protocol was designed to be practicable 

and achievable for geriatric patients. Seven sessions of at least 10 min of endurance 

training over a 3-week period corresponds to common practice in geriatric rehabilitation 

hospitals. All subjects also participated in the normal therapy offering of the geriatric 

rehabilitation center, consisting of 30 min of individual physiotherapy and 30 min of 

group therapy per day. At the end of the intervention outcome, measurements were 

repeated as they had been performed at pre-test. 

 

6.3. Results 

Altogether, 40 patients (26 women) were recruited. Of the 40 patients recruited, 35 

(87.5%) were able to complete the trial. Reasons for dropout were unwillingness to 

continue (4) and termination for medical reasons (1). (NG: n = 16, age 82.0 ±7.8 years, 

sex 11 women/5 men, and BMI 25.8 ± 6.2 kg/m2) (HG: n = 19, age 80.2 ± 7.2 years, sex 

12 women/7 men, and BMI 25.2 ± 5.3 kg/m2) Statistical analysis showed no significant 

differences between the groups pre-trial.  

The patients showed a multimorbid disease profile and most were prescribed 

cardiovascular-relevant medications as well as diuretics, anticoagulant medication, 

cholesterol and blood sugar lowering drugs. During the study period, slight changes in 

medication were made by the hospital’s physicians but these medication changes 

occurred in both groups equally.  

From pre-test to post-test, there were no changes in anthropometric parameters. There 

was also no change in the measured cardiologic parameters. The group mean ejection 

fraction for the HG showed a non-significant decrease compared to the NG. Oxygen 

uptake was enhanced in both groups. The ratio of oxygen uptake and heart rate was 

higher in the HG but this difference was not statistically significant. However, the 

maximum performance from baseline to study completion increased significantly in both 

groups (NG: p = 0.03; HG: p = 0.02). There were no sex differences regarding the effect 

of the intervention. Overall both groups showed similar responses from baseline to study 

completion though the training intensity was significantly lower in the HG. (p=0.008). 
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See Table 3. All intensity related parameters showed a significant reduction in training 

effort for the HG as listed in Table 2. Resting blood pressure in both normoxic and 

hypoxic environments did not change over the time course of the seven units. (Figure 3) 

 
Table 3: Physiological and training-intensity related parameters during the intervention for the hypoxic 

group (HG) and normoxic group (NG). 

Legend: Values are means from training 1 (Tr1) and training 7 (Tr7) ± SD. Training intensity = % of peak 

heart rate; BP = blood pressure; SpO2 = oxygen saturation¸ *p ≤ 0.05, **p ≤ 0.025, ***p ≤ 0.001 levels 

of significance, effect size is displayed as η2. [33] page 4 

 

 
 

 

 

 

 
Figure 3: Heart rate (expressed in % of HR peak) and power values (W/kg) recorded during the training 

intervention Trainings 1 to 7 (Tr1-Tr7). 

Legend: *p ≤ 0.05, **p ≤ 0.025, ***p ≤ 0.001 levels of significant differences between HG and NG in Tr1 

to Tr7. Effect size is displayed as η2. [33] page 5 
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6.4. Conclusion 

Training in normobaric hypoxia with geriatric patients provides the possibility to lower 

physical stress on the locomotor system and still provoke adaptions commonly expected 

from endurance training. In geriatric rehabilitation, usual recommendations for effective 

endurance training are often hard to meet. Slow walking speeds, insecurity and ache 

often prevent high endurance training intensities [23]. Lately, the scientific community 

collects more and more evidence, that higher training intensities maximize the beneficial 

effects of endurance training on several risk factors and diseases [24,42,45]. Normobaric 

hypoxia has the potential not only to lower physical strain, but also to elevate training 

intensity and supposedly cardiac and pulmonary effects, keeping physiological strain 

constant in both groups. Of course the variety of primary diagnoses as well as multiple 

co-morbid conditions influenced our study outcome. Nonetheless, we see the complex 

medical histories of our patients as strength of this study since the results are more likely 

to pertain to usual clientele served by geriatric rehabilitation programs. The rather short 

study period and short hypoxic bouts were not challenging enough to provoke 

cardiopulmonary adaptions in either of the study groups. Furthermore, a larger study 

population would have allowed subset analyses. Nevertheless, our findings indicate that 

hypoxic endurance training is very likely to be more effective than normoxic training. 

Conclusively, training in NH withholds a great potential for prevention and 

rehabilitation. 
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7. Discussion 

This study compound shows different possible approaches for preventive and 

rehabilitative use of both NH and HH in the elderly. The common hiking practice at old 

age, with a maximum of one session a week, does not seem to be sufficient to provoke 

physiological adaptions. Furthermore, our training protocol in NH, did not provoke the 

expected physiological adaptions. Nevertheless, our investigations show the 

effectiveness of NH in its ability to lower physical workload while keeping physiological 

effects equal to training in sham hypoxia. This leads us to believe that, when keeping 

physical workload equal, cardiac and pulmonary adaptions to training would be 

enhanced. According to several study groups, high intensity training is superior to 

common moderate endurance training and provokes greater and more pronounced 

adaptions [14,35]. Especially VO2max, adaptions in skeletal muscles, metabolic control 

and changes in cardiovascular functions seem to be enhanced in response to low volume 

high intensity training [14,35]. With hypoxia as additive in prevention- and rehabilitation 

programs, such high intensity training could be put into effect for groups with special 

demands as geriatrics. This age group often tolerates only low training volumes and is in 

special need for the beneficial physiological adaptions endurance training provides [17]. 

The main focus in geriatrics lays on gait ability and gait quality [6]. With the help of NH 

this goal could be followed by treadmill training while also pursuing cardiac and 

pulmonary goals. There is a need for new approaches to make hypoxic training 

accessible, effective and practicable for this age group. Here, varieties of protocols have 

to be tested and evaluated in order to give adequate recommendations. 

In search for new possibilities to organize preventive- and rehabilitative programs, 

training in normobaric hypoxic rooms as additive to hiking sessions or as sole training 

program, gives a new and promising perspective. NH provides a safe and manageable 

setting as shown in study B. Physical strain as well as cardiac, pulmonary and metabolic 

demands seem to be lower and better assessable in NH compared to HH. In direct 

confront to HH, NH has proven to impose lower HR and SpO2 stress. Furthermore, an 

American study group found a lower risk for the development of AMS symptoms in NH 

compared to HH [10]. In line with literature, our study outcome suggests an impact of 

normobaric hypoxia exposure on cognitive functions [11]. Since studies investigating 

the recovery of such momentary cognitive impairment are quite scarce, we recommend 

only low altitudes for the use of NH in preventive- or rehabilitative programs. Further 

investigations regarding cognition and cerebral blood flow as well as its consequences 
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following training in hypoxic environments are necessary. Conclusively, we think 

training in hypoxic environments does bare grate benefits for preventive- and 

rehabilitative purposes. 

In hypoxic research and especially for training interventions the recruitment of 

participants to reach statistically meaningful numbers is quite hard. Therefore, low 

subject numbers limit our study outcome. Furthermore, each study suffers from its own 

small limitations discussed above. This study compound is aiming at the evaluation of 

possible use of HH and NH stimuli in prevention and rehabilitation and to lay a first basis 

for further investigations. 
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8. Perspectives 

Low volume high intensity training has gained a stand in almost all training disciplines. 

Studies investigating this promising training prove great effects also for patients 

suffering from several diseases [14,35]. Especially the promotion of VEGF’s via the 

HIFα1 pathway and its impact on blood flow seems to be responsible for several positive 

consequences of HIT [25]. Making this kind of training accessible to populations with 

impairments in their ability to perform regular HIT as geriatrics, obese or generally weak 

patients, could provide great benefits. Pursuing this aim we plan to repeat the experiment 

from study D. In contrast to the previous study, we want to recruit 60 patients and 

conduct a similar intervention standardized by physical workload. Considering the short 

time rehabilitation centers have to improve the physical status of their patients this effort 

could maximize the outcome. 
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10. Appendix 

11.1  Study A including author contributions 

 

 

Hereby I declare my contributions to the following article “effect of weekly hiking on 

cardiovascular risk factors in the elderly.” 

 

 

I was involved in several stages of the development of this study: 

- Data sighting 

- Statistical analysis 

- Literature search 

- Writing and finalizing the manuscript 

 

 

 

 

 

Copyright: 

© Springer-Verlag Berlin Heidelberg 2014 

The copyright for this thesis has been obtained from Copyright Clearance Center’s 

RightsLink® service. 

 

Link to the original article: 

https://link.springer.com/article/10.1007/s00391-014-0622-0 

 

 

https://link.springer.com/article/10.1007/s00391-014-0622-0
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11.2  Study B including author contributions 

 

 

 

Hereby I declare my contributions to the following article “SpO2 and Heart Rate During a 

Real Hike at Altitude Are Significantly Different than at Its Simulation in Normobaric 

Hypoxia.“ 

 

I was involved in all stages of the development of this study: 

- Planning and study design 

- Obtaining ethics approval 

- Recruiting of subjects 

- Execution of the measurements and testing in normobaric hypoxia  

- Execution of the measurements and testing in hypobaric hypoxia 

- Statistical analysis 

- Writing and finalizing the manuscript 

 

 

 

 

 

Copyright: 

The open-access article is distributed under the terms of the Creative Commons 

Attribution License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

Link to the original article: 

http://journal.frontiersin.org/article/10.3389/fphys.2017.00081/full 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5303738/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5303738/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5303738/
http://creativecommons.org/licenses/by/4.0/
http://journal.frontiersin.org/article/10.3389/fphys.2017.00081/full
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11.3  Study C including author contributions 

 

 

Hereby I declare my contributions to the following article “Schlaf in der Höhe“. 

 

I was involved in all stages of the development of this review: 

- Literature search 

- Execution of the measurements and testing in the several small examples  

- Graphic design 

- Statistical analysis 

- Writing and finalizing the manuscript 
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11.4  Study D including author contributions  

 

 

Hereby I declare my contributions to the following article “EHAK-65.“ 

 

 

I was involved in all stages of the development of this study: 

- Planning and study design 

- Obtaining ethics approval 

- Recruiting of subjects 

- Execution of the measurements and testing in normoxia 

- Execution of the measurements and testing in normobaric hypoxia 

- Statistical analysis 

- Writing and finalizing the manuscript 
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