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Abstract

Background: Additional benefits of passive exposures to intermittent hypoxia and hyperoxia on cognitive
performance and functional exercise capacity have been demonstrated in geriatric patients who performed a
multimodal training program. The main goal of the present study was to evaluate effects of adding intermittent
hypoxic-hyperoxic training (IHHT) to a multimodal training intervention (MTI) on mobility and perceived health in
old individuals at a Geriatric Day Hospital.

Methods: Thirty-four patients between 64 and 92 years participated in the double blind, randomized and
controlled clinical trial. The elderly patients attended in a 5–7 weeks lasting MTI (strength, endurance, balance,
reaction, flexibility, coordination, and cognitive exercises) and performed IHHT (breathing 10–14% oxygen for 4–7
min followed by 2–4 min 30–40% oxygen) in the Hypoxic Group (HG) or placebo treatment with ambient air in the
Normoxic Group (NG) in parallel. Before and after all treatments, mobility was assessed by the Tinetti Mobility Test
(TMT), the Timed-Up-and-Go Test (TUG) and Barthel-Index, while perceived health was assessed by one part of the
EQ-5D Test, the EQ visual analogue scale (EQ VAS).

Results: After the MTI plus IHHT or normoxia sessions, results of the TMT, TUG, Barthel Index and EQ-VAS revealed
no significant difference between HG and NG (+ 14.9% vs + 15.4%, p = 0.25; − 21% vs − 26.3%, p = 0.51; + 4.2% vs +
3.6%, p = 0.56; + 37.9% vs + 33.9%, p = 0.24;).

Conclusions: IHHT added to MTI did not elicit additional improvements in perceived health and mobility
compared to MTI alone.
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Background
Worldwide, life expectancy at birth rose by 6.2 years
from 65.3 years in 1990 to 71.5 years in 2013 [1]. Al-
though the life expectancy in good health increases too,
its extent is lower by far, suggesting that the world’s
population currently loses more years of healthy life due
to disability than 20 years ago [2]. Therefore, the Quality
of Life (QoL) in old age is decreasing despite the fact
that medical care is improving worldwide. Physical dis-
ability is the main reason for low QoL; elderly people
want to be independent to feel comfortable, as reported
by Jalavondeia et al. [3]. Also, Langlois et al. [4] showed
in their study that physical exercise improves not only
physical capacity but also the QoL. With advancing age,
inactivity increases, gait and balance change and the in-
crease in chronic diseases with high prescription medi-
cation use leads to a higher risk of falls [5]. Falls not
only reduce the QoL, the treatment of fall injuries is very
costly. Stevens et al. estimated the total direct medical
costs for falls including what patients and insurance
companies paid $34 billion for in the United States of
America alone in 2013. With a constantly increasing
population, the number of falls and the costs to treat fall
injuries are likely to rise [6]. There are many different
risk factors such as disability of the lower extremities,
abnormalities of balance and gait, foot problems and
cognitive impairment; the risk of falling increases
linearly with the number of risk factors [7]. Tinetti et al.
showed that a multimodal individual training interven-
tion including physical training, balance and strength
training not only reduced the number of risk factors and
led to a reduction in the incidence and to an improve-
ment in functional independence, but also increased
confidence among elderly patients in performing their
daily activities [8]. However, it is not only physical func-
tioning but also bodily pain, social functioning, mental
health, and emotional problems which affect the QoL [9].
The Geriatric Day Hospital in Klagenfurt (Carinthia,

Austria) is one of the institutions that provides a multi-
modal training intervention (MTI), which is specially
tailored for geriatric patients to improve mobility, cogni-
tive function, mental health, and QoL. In addition to this
physical training intervention, and due to the low resili-
ence of geriatric patients, we were also looking for new
strategies and found that Intermittent Hypoxic-
Hyperoxic Training (IHHT) not only led to an additional
increase in exercise performance but also to an increase
in cognitive function and a decrease in pain [10]. How-
ever, psychological factors, risk of falling and short-term
mobility were not considered.
We suspected that that IHHT might be a promising

treatment in addition to a MTI regarding mobility and
QoL. In comparison to known effects of Intermittent
Hypoxic Training (IHT) [11–15], IHHT may cause more

beneficial effects. Hyperoxic periods with 30–40% oxy-
gen, compared to normoxic breathing, result in a faster
recovery of oxygen desaturation after hypoxic periods
[16]. IHHT was suggested to produce a faster
membrane-stabilizing effect in cells of the heart, liver
and brain compared to IHT in a study with male Wistar
rats [17]. This new approach is more economical than
IHT, as the recovery time between bouts of hypoxia ex-
posure is shortened to 3 min, allowing for a higher num-
ber of hypoxia–hyperoxia cycles during the same session
[18]. Exercise combined with hypoxic training also im-
proved cognitive function of older individuals [14], and
the addition of hyperoxic intervals might have acceler-
ated clearance of metabolites negatively impacting on
neuronal metabolism in dementia [19]. On the other
hand, however, it was shown that metabolites like lactate
have a positive effect on the brain metabolism [20].
IHHT is well-tolerable and applicable to geriatric pa-
tients without any negative side effects [10] and has been
shown to even improve exercise tolerance and aerobic
capacity in patients without any additional exercises
[21]. As it was demonstrated that intermittent hypoxia
improved QoL in elderly subjects [14] and enhanced
walking after chronic spinal cord injury [22], we seek to
evaluate IHHT effects on mobility and perceived health,
which is an important part of the complex construct of
QoL in geriatric patients.
We hypothesised that IHHT combined with MTI

would more favourably impact on mobility and per-
ceived health than MTI alone. Thus, the aim of the
present study was to explore the effects of IHHT added
to MTI on mobility and perceived health in geriatric
patients.

Methods
Participants and randomisation
Forty-one geriatric patients between 64 and 92 years par-
ticipated in this stratified, randomised and double-blind
study. The study was performed at the Geriatric Day
Clinic in Klagenfurt (Carinthia, Austria), this is a semi-
stationary facility in the house of geriatrics offering
elderly people the possibility of rehabilitation with the
goal: to enable the elderly to live as independently as
possible in health at home. All patients of the Geriatric
Day Clinic suffer from several different diseases. The
most frequent diagnoses of the study participants were
arterial hypertension, condition after surgery of a total
endoprosthesis, partially after fractures due to falls,
osteoporosis, degenerative spinal diseases, arthrosis,
dementia development, atrial fibrillation, heart failure,
coronary heart disease, diabetes mellitus, renal insuffi-
ciency, gastrointestinal diseases and depression. The
patients were randomly assigned to the hypoxic group
(HG) and the normoxic group (NG). The process of
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inclusion, randomization, stratification, training program
and outcome analysis is presented in Fig. 1, the baseline
characteristics in Table 1. A more detailed description of
the participants and methods is provided in our previous
paper [10]. All comorbidities, therapies, and interven-
tions of medical care were documented in written docu-
ments and also electronically stored in the intranet of
the hospital.
At the end, data from 34 patients who successfully

completed the entire study program were available for
the outcome analysis (Fig. 1).
The study was approved by the local Ethics Committee

(EK-Nr.: A 09/14) and performed in accordance with the
ethical standards of the Declaration of Helsinki in 1975.

Study protocol
Multimodal training intervention (MTI)
The intervention program was started after
randomization, stratification, allocation to the HG or
NG and Pre-Tests (Fig. 1). All 41 study participants
came to the Geriatric Day Clinic in the morning 2–3
times a week and went home in the afternoon over a
period of 5–7 weeks; this included 15–20 days of ther-
apy, depending on the needs of each patient, using an
individual treatment plan, which was documented in the
medical recordings of the hospital. There was no differ-
ence between the groups with regard to therapy days,
age, weight, height, gender and regular medication
(Table 1). Both groups (NG and HG) attended the same
individual rehabilitative care program, which was carried
out and coordinated by a multi-disciplinary team of geri-
atricians, nurses, physiotherapists, and occupational
therapists. The major goal of these therapies is to

improve mobility, reduce the risk of falls and enable
people to live as independently as possible at home.
Therefore, the Geriatric Day Clinic provides an MTI
with three focal points. The daily 30-min program of
physiotherapy is based on strength training and func-
tional exercises of the lower extremities and a combin-
ation of balance and reaction training, in order to enable
the patients to walk as safely and as far as possible; a
more detailed description can be found in our previous
article [10].

Intermittent hypoxic–hyperoxic training (IHHT) programme
In parallel with the MTI, all patients underwent a
Hypoxic Treatment with the ReOxy Breathing Therapy
Device (AI Mediq S.A., Luxembourg). The device de-
livers a gas mixture with alternating oxygen content
(10–30%) in nitrogen. Arterial oxygen saturation (SpO2)
and pulse rate are measured continuously and stored.
After nurses performed blood pressure measurements,
patients from both groups (HG and NG) took part in
the same 10min lasting Hypoxic Test (HT) breathing a
hypoxic gas mixture with 12% oxygen through a face
mask while sitting in an armchair. After that, the device
was able to establish an individually tailored IHHT
for all subjects. Afterwards, patients of the HG re-
peatedly breathed hypoxic gas mixtures with 10–14%
oxygen content lasting for 4–7 min depending on the
individual reaction of the patients, followed by a 2–4
min exposure to a hyperoxic gas mixture with 30–
40% oxygen content. During the hypoxic treatments,
SpO2 and pulse rate were constantly monitored and
transmitted to a monitoring device, which was invis-
ible to the patients. The device compares the latest

Fig. 1 Process of inclusion, randomization, stratification, training program and outcome analysis
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value of SpO2 with the predefined value of the indi-
vidual’s minimum SpO2. As soon as a patient reaches
the minimum SpO2 (Table 1), the device supplies
immediately the hyperoxic gas mixture [23]. Also
after the treatment, blood pressure was measured by
nurses. The sessions of both groups lasted between
30 and 40 min with no visible difference for anyone
except the study nurses, who provided the therapy
and operated the devices.
The NG underwent the same HT but were only

breathing a normoxic gas mixture during the
treatments.
In total, 12–15 hypoxic or normoxic treatment proce-

dures were performed for both groups 2–3 times a week
over a period of 5–7 weeks, always together with the
MTI on the same day (Fig. 1).

Assessments
The EQ-5D Test for Quality of Life and the Tinetti Mo-
bility Test (TMT), the Timed-Up-and-Go Test (TUG)
and the Barthel Index for mobility and fall risk were held
out at the beginning before the hypoxic-hyperoxic and
the normoxic sessions started and at the end after the
last hypoxic-hyperoxic or normoxic treatment. We used
these tests because they are part of the basic geriatric
assessment in the Geriatric Day Clinic, are easy applic-
able for geriatric patients, are valid and reliable and all
therapists are used to working with them. Fasting blood
samples were also taken at the beginning and end of the
study. We used the results of the Six-Minute Walk Test
(6MWT), Clock-drawing Test (CDT) and Dementia
Detection Test (DemTect) to establish whether improve-
ments in exercise tolerance and cognitive function are
related to perceived health in these patients. They were
held out at the beginning and at the end like the other
tests mentioned above, the exact results of all these tests
can be found in our previous article [10].

Perceived health as a part of quality of life
We only used one part of the EQ-5D Test, the EQ visual
analogue scale (EQ VAS), because the other part of this
test is in our clinical experience too little meaningful.
The EQ VAS self-rating records the respondent’s own
assessment of health status [24], and it is in our daily ex-
perience with geriatric patients diagnostically conclusive.
This provides us the opportunity to make a statement
about the perceived health, an important part of QoL of
the study participants. It provides a single index value
for health status, takes only a few minutes and is cogni-
tively simple; in our opinion, therefore, it is ideally suited
for geriatric patients, even with cognitive impairment. It
consists of a vertical, visual analogue scale from 0 to 100
similar to a thermometer, where 100 denotes the “Best
imaginable health state” and 0 stands for the “Worst
imaginable health state” [25]. The patients were asked to
draw a line from the box on the left side to a number on
the scale on the right side of the paper to indicate how
their health is today. This value was taken for outcome
analysis.

Mobility
The TMT is claimed to be the best predictor of fall risk
and provides a dynamic assessment of mobility [26]. It is
a simple and easily administered test and measures the
patients’ gait and balance. The individual score of each
patient is the combination of three measures: the overall
gait assessment score, the overall balance assessment
score and the gait and balance score. The total score is
28; a score between 19 and 24 indicates a risk of a fall,
and a score below 19 shows a high risk of a fall [27].

Table 1 Baseline characteristics of all patients with no
difference between groups

Hypoxic group
(n = 18)

Normoxic group
(n = 16)

p-value

Gender (m, f) m 5 (28%) / f 13
(72%)

m 2 (12.5%) / f 14
(87.5%)

0.25b

Age (years) 80.89 (7.87) 83.44 (5.5) 0.14

Height (cm) 163.72 (8.29) 163.19 (8.52) 0.43

Weight (kg) 72.03 (9.32) 66.83 (12.27) 0.09

BMI (kg/m2) 26.98 (3.91) 25.02 (3.62) 0.07

MMSE score 24.94 (3.75) 24.5 (3.93) 0.36

Therapy days (n) 18.33 (2.43) 17.5 (2.58) 0.16c

Arterial oxygen
saturation (%)

94.21 (6.19) 93.65 (7.54) 0.42

Minimum oxygen
saturation (%)a

81.39 (2.8) 83.85 (5.51) 0.27c

Regular medication, n (%)

Anticoagulants 9 (50%) 10 (62.5%) 0.35b

ß-blockers 7 (38.9%) 8 (50%) 0.38b

ACE inhibitors 7 (38.9%) 6 (37.5%) 0.61b

AT II inhibitors 6 (33.3%) 3 (18.8%) 0.29b

Calcium channel
blockers

5 (27.8%) 1 (6.3%) 0.12b

Statins 1 (5.6%) 4 (25%) 0.13b

Diuretics 8 (44.4%) 9 (56.3%) 0.37b

Nitrates 1 (5.6%) 1 (6.3%) 0.73b

Data represent means (SD) or frequencies (%); there are no significant
differences between the groups, p < 0.05-Exact Fisher Yates Test; MMSE: Mini-
Mental State Examination. aMinimum arterial oxygen saturation measured in
the Hypoxic Test
For the measured values of each of the listed variables, the two difference lists
(end value - initial value for normoxia, hypoxia) were tested for normal
distribution using the Kolmogoroff-Smirnov test
p-values between the groups. If both lists were significantly normally
distributed (p < 0.95), the p-value was determined by the t-test, otherwise by
the (nonparametric) U-test marked with c; comparison of rates is tested with
Exact Fisher Test marked withb
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The TUG is a reliable and valid test used to quantify
functional mobility and predicts the patient’s ability to
go outside alone safely [28]. The patient gets up from an
arm chair and walks 3 m. Then, he turns and walks back
to the chair and sits down again. The time required for
the test is used for the outcome analysis, the shorter the
time, the better the result.
The Barthel Index is a scale with a score of 0–100,

which measures the performance in activities of daily
life. Ten items describing ADL and mobility have to be
performed by each patient. The less time and physical
assistance that is needed, the higher the score is [29].

Cognitive testing
The Dem-Tect is a highly sensitive screening instrument
to identify patients with MCI and patients with dementia
in early stages and claimed to be more reliable than
screening by the MMSE [30]. The CDT is also a valid
and reliable screening test for dementia and cognitive
impairment [31]. In our study we used the free-drawn
method.

Evaluation of functional exercise capacity
The 6MWT was used to assess the functional exercise
capacity of the study participants. It was carried out
according to the Guidelines for the 6-Minute Walk Test
of the American Thoracic Society [32].

Statistical methods
Data are presented as means ± standard deviation (SD)
or proportions. Unpaired t-tests (normally distributed
data) and the Wilcoxon-Mann-Whitney U-test (not nor-
mally distributed data) were used to compare baseline
data between groups as well as different changes (delta
pre-post) between groups. Fisher exact test was used to
compare proportions. Pearson or Spearman correlation
analysis was performed to test relationships as demon-
strated in 3.2.
A p-value < 0.05 was considered statistically

significant.

Results
The MTI did not cause any problems for elderly individ-
uals. None of the patients were injured, although mild
upper respiratory tract infections occurred in rare cases;
however, all patients were able to complete the planned
therapies. Also, the hypoxic-hyperoxic and normoxic
sessions were well tolerated. There were no adverse side
effects; in rare cases, sleepiness and slight dizziness were
reported during hypoxic treatments. Overall, 34 of the
41 included patients successfully completed the entire
study program, as shown in Fig. 1. Test results before
and after treatments are shown in Table 2.

Mobility
Mobility was measured by the values of the TMT and
the Barthel-Index and by the time needed for the TUG.
Before and after the intervention, there were no signifi-
cant differences between groups. After the intervention
there was an improvement in all test results, but again
with no difference between the two groups. IHHT did
not lead to a significant additional improvement.

Perceived health as a part of quality of life
Testing the perceived health with the EQ-5D revealed
no significant difference between the groups at the
beginning. The increase in the level of perceived health
was somewhat higher in the HG but did not reach statis-
tical significance compared to the NG (Table 2).
Improvements in mobility and the decreased fall risk

within the overall group were significantly correlated
with an improvement in the EQ VAS, as shown in Fig. 2a
and b. There was a significant negative correlation
between the differences of the TUG and the EQ VAS
(Fig. 2a) and a correlation between the differences of the
TMT and the EQ VAS (Fig. 2b), which just failed to be
statistically significant, with a p-value of 0.057, but
showed a clear trend. Even the outliers do not influence
these results. There was no significant correlation
between EQ VAS and the Six-Minute-Walk-Test (r = −
0.23, p = 0.09), between EQ VAS and the Clock-
Drawing-Test (r = − 0.048, p = 0.4) and between EQ VAS
and the Dementia Detection Test (r = 0.12, p = 0.24) as
shown in Fig. 3. A more detailed prescription of these
test results can be found in our previous article [10].

Blood tests and cardiorespiratory parameters
A slight but not significant decrease in systolic blood
pressure, triglycerides and erythrocytes was observed
within groups while the decrease in diastolic blood pres-
sure was statistically significant within both groups. A
significant decrease in resting heart rates was only found
within the NG and a significant decrease in total choles-
terol, HDL and LDL levels was observed in the HG. Ar-
terial oxygen saturation and TNF alpha increased
significantly after the intervention also only within the
HG. None of these parameters changed differently be-
tween groups [10].

Discussion
The aim of the present study was to explore potential
benefits on mobility and perceived health, an important
part of QoL in elderly patients when IHHT was added
to MTI.

Mobility
The risk of falling is especially high at values below 19 in
the TMT, as reported by Tinetti [26] and the
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“Kompetenz-Zentrum-Geriatrie” in Germany report
[33]. This is also true for both groups before interven-
tion, with a mean value below 19. After the intervention,
both groups revealed a mean value greater than 19,
which indicates a change from a high to a medium risk
for falls [26]. A TMT score of 11 or less is even predict-
ive of day hospital patients having a history of recurrent
falls [34]. The TMT tests predictive and reactive balance
mechanisms [35]; as so many body systems are needed
to maintain balance [36], Thomas et al. recommend the
TMT as a potential screening tool to identify patients at
risk for falls in their pilot study. The scores of the TMT
showed significant differences between fallers and non-
fallers in this retrospective study [34]. Also, the TUG is
claimed to predict falls, as other studies have reported,
the shorter the time the better the result [37, 38]. A
TUG with > 12 s is one of the most evidence-supported
functional measures to determine individual risk of fu-
ture falls, as reported by Delbaere et al. [39]. This reveals
that our study participants, with a mean TUG of more
than 12 s in both groups before intervention, have a high
risk of falls. The TUG has almost as high a sensitivity
and specificity as the TMT and contains components
such as sit-to-stand, gait and turning, which are import-
ant aspects of postural control and are functionally
important because many falls occur while walking [34].
The causes of falls are diverse and complex, but IHHT,
which has positive effects on memory and exercise
tolerance [10, 21], seems not to be an appropriate ther-
apy for fall reduction. We were not able to confirm the
hypothesis that IHHT would significantly contribute to
expected improvements in the MTI. This study demon-
strates improved mobility in both groups through MTI.
However, since we did not include a control group, no
valid statement can be made.

Perceived health as a part of QoL
In our study, IHHT did not improve perceived health
assessed with the use of EQ VAS. Various factors influ-
ence the subjective perception of quality of life. Per-
ceived social support and marital status are associated
with improved psychological health and QoL [40], as
well as a higher socio-economic position [41]. All of

Table 2 Test results and differences of test results between HG and NG before and after treatments

Hypoxic group (n = 18) Normoxic group (n = 16) Hypoxic group (n = 18) Normoxic group (n = 16) p-value

Pre Post Pre Post Delta Pre-Post Delta Pre-Post between groups

EQ-VAS (0–100) 56.11 (11.95) 77.39 (11.1) 52.38 (13.48) 70.13 (8.88) + 21.28 (+ 37.9%) + 17.75 (+ 33.9%) 0.24

TMT (0–28) 17.56 (6.08) 20.17 (4.88) 18.19 (4.59) 21 (4.29) + 2.61 (+ 14.9%) + 2.81 (+ 15.4%) 0.25

TUG (seconds) 21.13 (8.62) 17.71 (6.86) 24.14 (17.05) 17,79 (6,08) −4.44 (−21%) −6.35 (−26.3%) 0.51

Barthel Index (0–100) 86.94 (15.06) 90.56 (9.84) 86.56 (11.21) 89.69 (8.65) + 3.61 (+ 4.2%) + 3.13 (+ 3.6%) 0.56

Data are means (SD); Abbreviations: EQ VAS visual analogue scale of the EQ-5D Test, TMT Tinetti Mobility Test, TUG Timed-Up-and-Go-Test (2 missing values in NG);
normal distribution was tested with Kolmogoroff-Smirnov test; p-value: the significance was calculated with the t-test

A

B

Fig. 2 Correlations between the changes between (a) the Timed-
Up-And-Go-Test (TUG) and the EQ visual analogue scale (EQ-5D)
and (b) in the changes between Tinetti Mobility Test (TMT) and
the EQ visual analogue scale (EQ-5D). a r = − 0.36, p = 0.02 (b)
r = 0.27, p = 0.057
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these factors can hardly be influenced by therapy, but
the geriatric day clinic also tries to offer help in these
cases with consultations by social workers and psycholo-
gists. Being free of physical disability seems to be one of
the most important factors that influence QoL [3]. Wah-
rendorf et al. found that there is also a strong association
between functional limitations and changes in quality of
life; in their study, being free from functional limitations
led to a significant increase in QoL [42]. Also in our
study, the improvements in mobility and the decrease in
fall risk within the overall group were significantly corre-
lated with an improvement in perceived health (Fig. 2).
Vellas at al. observed a strong association between fear
of falling and a decrease in mobility and QoL in their
study [43]. Falls and a fear of falling in turn contribute
to restricted activity as a strategy to reduce the perceived
risk of subsequent falls [44], which closes the vicious cir-
cle. Even depression is related with a higher risk of falls
[45]. However, IHHT did not positively affect perceived
health more than MTI alone in the present study with
geriatric patients. In contrast to mobility, there is no
relationship in our study between improvements in exer-
cise tolerance measured with the 6MWT and perceived
health assessed with EQ VAS (Fig. 3), which shows that
endurance does not influence QoL sufficiently and
measurably. It seems that enhancements in mobility, gait
and balance directly influence the way in which patients
can easily cope with their everyday life and reduces the
risk of falls. This, in turn, leads to an increase in the
perceived health [42, 43]. Dementia, on the other hand,
does not seem to reduce the quality of life for the
affected patients; only the affected caregivers show a
strong reduction in their own quality of life [46]. In our
study, there was no statistical significant correlation
between perceived health and cognitive performance
(Fig. 3). However, as IHHT leads to an improvement in
cognitive performance [10] and as Jing et al. showed that
at least caregivers profit from an enhanced cognitive
performance of elderly people [46]. IHHT may positively
affect elderly patients in several ways [10, 18, 21], but
this seems not to be true regarding mobility and
perceived health.

Limitations
First, it is not possible to have the exact same MTI for
all patients because of the multi-morbidity of geriatric

A

B

C

Fig. 3 Correlations between the changes between (a) the Six-
Minute-Walk-Test (6MWT) and the EQ visual analogue scale (EQ-5D)
and (b) in the changes between Clock-Drawing-Test (CDT) and the
EQ visual analogue scale (EQ-5D) and (c) in the changes between
Dementia Detection Test (Dem-Tect) and the EQ visual analogue
scale (EQ-5D). a r = − 0.23, p = 0.09 (b) r = − 0.048, p = 0.4 (c)
r = 0.12, p = 0.24

Bayer et al. BMC Geriatrics          (2019) 19:167 Page 7 of 9



patients; a special, individual training program has to be
created for each person. Second, as muscle weakness is
an important risk factor for falls, we did not measure
the strength of the lower extremities. Third, we had no
control group without intervention to make a valid
statement on the effect of MTI on perceived health and
fall risk. Fourth, much effort and time of trained supervi-
sors is needed for the individual MTI and IHHT to
reach sufficient compliance by elderly people.

Conclusion
In this study, IHHT added to MTI did not elicit add-
itional improvements in perceived health and mobility
compared to MTI alone.

Abbreviations
ACE: Angiotensin Converting Enzyme; ANOVA: Analysis of Variance;
AT: Angiotensin; BMI: Body Mass Index; CVD: Cardiovascular Disease; EQ
VAS: EuroQol-visual analogue scale; HDL: High Density Lipoprotein;
HG: Hypoxic Group; IHHT: Intermittent Hypoxic Hyperoxic Training;
IHT: Intermittent Hypoxic Training; LDL: Low Density Lipoprotein;
MMSE: Mini-Mental State Examination; MTI: Multimodal Training Intervention;
NG: Normoxic Group; QoL: Quality of Life; TMT: Tinetti Mobility Test;
TNF: Tumor Necrosis Factor; TUG: Timed-Up-and-Go Test

Acknowledgements
The authors wish to thank all volunteers who participated in the study. Also,
the authors thank AiMediq SA, Luxembourg, for supplying two ReOxy
devices and equipment at cost. Additionally, the authors thank the nurses of
the Geriatric Day Clinic Draginja Catiz, Rosemarie Mayer, and Dagmar Dornik,
who coordinated all appointments and collected blood samples for the
outcome analysis and Dr. Evgenia Terziev, Christine Lübke, Gerd Tragner,
Sonja Türk, Franz Smolnig, and Waltraud Genser for the assessments and
positive cooperation. Finally, we are especially grateful to Prof. Walter Kofler
for his inspiring thoughts.
Approval by the local Ethics Committee: EK-Nr.: A 09/14.

Authors’ contributions
UB made substantial contributions to conception and design, acquisition,
analysis and interpretation of data and has been involved in drafting the
manuscript. RL made substantial contributions to conception and design
and has been involved in drafting the manuscript. GP made substantial
contributions to acquisition, analysis and interpretation of data. HS made
substantial contributions to conception and design, analysis and
interpretation of data. SD made substantial contributions to acquisition of
data. BT made substantial contributions to acquisition of data. SN made
substantial contributions to acquisition, analysis and interpretation of data.
OG made substantial contributions to conception and design, and
interpretation of data. MB made substantial contributions to conception and
design, analysis and interpretation of data and has been involved in drafting
the manuscript. All authors read and approved the final manuscript.

Funding
There is no funding to mention.

Availability of data and materials
All relevant data are presented in the manuscript and tables.

Ethics approval and consent to participate
The study was performed in accordance with the ethical standards of the
Declaration of Helsinki and has been approved by the local Ethics
Committee (Ethikkommission Kärnten, Austria; EK-Nr.: A 09/1). All participants
provided written informed consent to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Geriatrics, Klinikum Klagenfurt, Kraßniggstraße 2, 9020
Klagenfurt am Wörthersee, Austria. 2Department of Anesthesiology and
Intensive Care Medicine, Klinikum Klagenfurt, Feschnigstr. 11, 9020 Klagenfurt,
Austria. 3Department of Statistics, Alpen-Adria University Klagenfurt,
Universitätsstraße 65-67, 9020 Klagenfurt, Austria. 4Science and Technology
Park for Biomedicine, I.M, Sechenov First Moscow State Medical University,
Trubetskaya Str. 8-2, 119991 Moscow, Russia. 5Department of Sport Science,
Medical Section, University of Innsbruck, Fürstenweg 185, 6020 Innsbruck,
Austria.

Received: 2 November 2018 Accepted: 10 June 2019

References
1. Murray CJ, Barber RM, Foreman KJ, et al. Global, regional, and national

disability-adjusted life years (DALYs) for 306 diseases and injuries and
healthy life expectancy (HALE) for 188 countries, 1990-2013: quantifying the
epidemiological transition. Lancet. 2015;386(10009):2145–91.

2. Salomon JA, Wang H, Freeman MK, et al. Healthy life expectancy for 187
countries, 1990–2010: a systematic analysis for the global burden disease
study 2010. Lancet. 2012;380(9859):2144–62.

3. Jalayondeja C, Jalayondeja W, Suttiwong J, Sullivan PE, Nilanthi DL. Physical
activity, self-esteem, and quality of life among people with physical
disability. Southeast Asian J Trop Med Public Health. 2016;47(3):546–58.

4. Langlois F, Minh VTT, Chasse K, Dupuis G, Kergoat MJ, Bherer L. Benefits of
physical exercise training on cognition and quality of life in frail older
adults. J Gerontol B Psychol Sci Soc Sci. 2013;68(3):400–4.

5. Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults:
a review of the literature. Maturitas. 2013;75:51–61.

6. Stevens JA, Corso PS, Finkelstein EA, Miller TR. The costs of fatal and
nonfatal falls among older adults. Injury Prevention. 2006a;12:290–5.

7. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons
living in the community. N Engl J Med. 1988 Dec 29;319(26):1701–7.

8. Tinetti ME, Baker DI, Gail McAvay, Claus EB, Garrett P, Gottschalk M, Koch
ML, Trainor K, Horwitz RI. A Multifactorial Intervention to Reduce the Risk of
Falling among Elderly People Living in the Community. N Engl J Med 1994;
331:821–828; 27September 29, 1994. DOI: https://doi.org/10.1056/
NEJM199409293311301

9. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36):
I. conceptual framework and item selection. Med Care, Vol. 30, No. 6 (Jun.,
1992), pp. 473-483.

10. Bayer U, Likar R, Pinter G, Stettner H, Demschar S, Trummer B, Neuwersch S,
Glazachev O, Burtscher M. Intermittent hypoxic–hyperoxic training on
cognitive performance in geriatric patients. Alzheimers Dementia (N Y).
2017;3:114–22.

11. Serebrovskaya TV, Manukhina EB, Smith ML, Downey HF, Mallet RT.
Intermittent hypoxia: cause of or therapy for systemic hypertension? Exp
Biol Med. 2008;233:627–50.

12. Burtscher M, Haider T, Domej W, Linser T, Gatterer H, Faulhaber M, et al.
Intermittent hypoxia increases exercise tolerance in patients at risk or with
mild COPD. Respir Physiol Neurobiol. 2009;165:97–103. https://doi.org/10.
1016/j.resp.2008.10.012.

13. Burtscher M, Pachinger O, Ehrenbourg I, et al. Intermittent hypoxia increases
exercise tolerance in elderly men with and without coronary artery disease.
Int J Cardiol. 2004;96:247–54.

14. Schega L, Peter B, Törpel A, Mutschler H, Isermann B, Hamacher D. Effects of
intermittent hypoxia on cognitive performance and quality of life in elderly
adults: a pilot study. Gerontology. 2013;59:316–23. https://doi.org/10.1159/
000350927.

15. Schega L, Peter B, Brigadski T, et al. Effect of intermittent normobaric hypoxia
on aerobic capacity and cognitive function in older people. J Sci Med Sport.
2016 Nov;19(11):941–5. https://doi.org/10.1016/j.jsams.2016.02.012.

16. Glazachev O. Optimization of clinical application of interval hypoxic training.
Biomed Eng. 2013;47(3):134–7.

17. Arkhipenko YV, Sazontova TG, Zhukova AG. Adapation to periodic hypoxia
and hyperoxia improves resistance of membrane structures in heart, liver,
and brain. Bull Exp Biol Med. 2005;140(3):278–81.

Bayer et al. BMC Geriatrics          (2019) 19:167 Page 8 of 9

https://doi.org/10.1056/NEJM199409293311301
https://doi.org/10.1056/NEJM199409293311301
https://doi.org/10.1016/j.resp.2008.10.012
https://doi.org/10.1016/j.resp.2008.10.012
https://doi.org/10.1159/000350927
https://doi.org/10.1159/000350927
https://doi.org/10.1016/j.jsams.2016.02.012


18. Glazachev O, Kopylov P, Susta D, Dudnik E, Zagaynaya. Adaptations
following an intermittent hypoxia-hyperoxia training in coronary artery
disease patients: a controlled study. Clin Cardiol. 2017;40(6):370–6. https://
doi.org/10.1002/clc.22670.

19. Liguori C, Stefani A, Sancesario G, Sancesario GM, Marciani MG, Pierantozzi
M. CSF lactate levels, τ proteins, cognitive decline: a dynamic relationship in
Alzheimer's disease. J Neurol Neurosurg Psychiatry. 2015;86:655–9.

20. Devaux JBL, Hedges CP, Birch N, Herbert N, Renshaw GMC, Hickey AJR.
Acidosis maintains the function of brain mitochondria in hypoxia-tolerant
Triplefin fish: a Stategy to survive acute hypoxic exposure? Front Physiol.
2018;9:1941. https://doi.org/10.3389/fphys.2018.01941.

21. Glazachev O. Intermittent hypoxia–hyperoxia exposure improves
cardiometabolic profile, exercise tolerance and quality of life: a preliminary
study in cardiac patients. European Journal of Preventive Cardiology EJPC-
D-15-00334. abstract.

22. Hayes HB, Jayaraman A, Herrmann M, Mitchell GS, Rymer WZ, Trumbower
RD. Daily intermittent hypoxia enhances walking after chronic spinal cord
injury: a randomized trial. Neurology. 2014 Jan 14;82(2):104–13.

23. Glazachev O, Platonenko A, Spirina G. Vorrichtung zur biologisch regelbaren
Auswahl von individuellen Verlaufen für eine Intervall-Hypoxie-Therapie
(Hypoxietraining): Gebrauchsmusters Nr. DE DE202012012602, 06.08.2013;
Tag der Eintragung 01.06.2012 Gebrauchsmusterinhaber AI MEDIQ S.A.,
Luxembourg, LU

24. EuroQol Research Foundation. EQ-5D-3L User Guide, 2018. Available from:
https://euroqol.org/publications/user-guides.

25. EuroQol Group. EuroQol-a new facility for the measurement of health-
related quality of life. Health Policy. 1990;16:199–208.

26. Tinetti M, Williams TF, Mayewsky R. Fall risk index for elderly patients based
on number of chronic disabilities. Am J Med. 80(3):429–34. https://doi.org/
10.1016/0002-9343(86)90717-5.

27. Lewis C. Balance, Gait Test Proves Simple Yet Useful. P.T. Bulletin, 1993; 2/10:
9 & 40. Tinetti ME. Performance-oriented assessment of mobility problems
in elderly patients. JAGS. 1986;34:119–26.

28. Podsiadlo D, Richardson S. The timed "up & go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991 Feb;39(2):142–8.

29. Mahoney FI, Barthel D. Functional evaluation: the Barthel index. Maryland
State Med J. 1965;14:56–61.

30. Kohn N, Kalbe E, Georg H, Kessler J. Vergleich MMST und DemTect: Spezifität
und Sensitivität bei primär kognitiven Störungen, in: Aktuelle Neurologie. 2007;
34. https://doi.org/10.1055/s-2007-987943 (Article in German).

31. Agrell B, Dehlin O. The clock-drawing test. Age Ageing. 1998;27:399–403.
32. ATS Committee on Proficiency Standards for Clinical Pulmonary Function

Laboratories. ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med. 2002;166(1):111–7.

33. Kompetenzzentrum Geriatrie (2006) INFO – Service/Accessmentinstrumente
in der Geriatrie. https://kcgeriatrie.de/Assessments_in_der_Geriatrie/Seiten/
Bereich_-_Mobilit%C3%A4t.aspx.

34. Thomas JI, Lane VL. A pilot study to explore the predictive validity of 4
measures of falls risk in frail elderly patients. Arch Phys Med Rehabilit. 2005;
86(8):1636–40. https://doi.org/10.1016/j.apmr.2005.03.004.

35. Huxham FE, Goldie PA, Patla AE. Theoretical considerations in balance
assessment. Aust J Physiother. 2001;47:89–100.

36. Ragnarsdottir M. The concept of balance. Physiotherapy. 1996;82:369–75.
37. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls

in community-dwelling older adults using the timed up & go test. Phys
Ther. 2000;80(9):896–903.

38. Okumiya K, Matsubayashi K, Nakamura T, Fujisawa M, Osaki Y, Doi Y, Ozawa
T. The timed "up & go" test is a useful predictor of falls in community-
dwelling older people. J Am Geriatr Soc. 1998 Jul;46(7):928–30.

39. Delbaere K, Close JC, Heim J, et al. A multifactorial approach to
understanding fall risk in older people. J Am Geriatr Soc. 2010;58(9):1679–85.

40. Soulsby LK, Bennett KM. Marriage and psychological wellbeing: the role of
social support. Psychology. 2015;6:1349–59. https://doi.org/10.4236/psych.
2015.611132.

41. Blane D, Netuveli G, Bartley M. Does quality of life at older ages vary with
socio-economic position? Sociology. 2007;41(4):717–26. https://doi.org/10.
1177/0038038507078927.

42. Wahrendorf M, Siegrist J. Are changes in productive activities of older
people associated with changes in their well-being? Results of a
longitudinal European study. Eur J Ageing 2010;7(2):59–68. doi: https://doi.
org/10.1007/s10433-010-0154-4. eCollection.

43. Vellas BJ, Wayne SJ, Baumgartner RN, Garry PJ. Fear of falling and restriction
of mobility in elderly fallers. Age Ageing. 1997;26(3):189–93. https://doi.org/
10.1093/ageing/26.3.189.

44. Denkinger MD, Lukas A, Nikolaus T, Hauer K. Factors associated with fear of
falling and associated activity restriction in community-dwelling older
adults: a systematic review. Am J Geriatr Psychiatry. 2014;23(1):72–86.

45. Byers AL, Sheeran T, Mlodzianowski AE, Meyers BS, Nassisi P, Bruce ML.
Depression and risk for adverse falls in older home health care patients. Res
Gerontol Nurs. 2008 Oct;1(4):245–51. https://doi.org/10.3928/19404921-
20081001-03.

46. Jing W, Willis R, Feng Z. Factors influencing quality of life of elderly people
with dementia and care implications: a systematic review. Arch Gerontol
Geriatr 2016 Sep-Oct;66:23–41. doi: https://doi.org/10.1016/j.archger.2016.04.
009. Epub 2016 Apr 30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bayer et al. BMC Geriatrics          (2019) 19:167 Page 9 of 9

https://doi.org/10.1002/clc.22670
https://doi.org/10.1002/clc.22670
https://doi.org/10.3389/fphys.2018.01941
https://euroqol.org/publications/user-guides
https://doi.org/10.1016/0002-9343(86)90717-5
https://doi.org/10.1016/0002-9343(86)90717-5
https://doi.org/10.1055/s-2007-987943
https://kcgeriatrie.de/Assessments_in_der_Geriatrie/Seiten/Bereich_-_Mobilit%C3%A4t.aspx
https://kcgeriatrie.de/Assessments_in_der_Geriatrie/Seiten/Bereich_-_Mobilit%C3%A4t.aspx
https://doi.org/10.1016/j.apmr.2005.03.004
https://doi.org/10.4236/psych.2015.611132
https://doi.org/10.4236/psych.2015.611132
https://doi.org/10.1177/0038038507078927
https://doi.org/10.1177/0038038507078927
https://doi.org/10.1007/s10433-010-0154-4
https://doi.org/10.1007/s10433-010-0154-4
https://doi.org/10.1093/ageing/26.3.189
https://doi.org/10.1093/ageing/26.3.189
https://doi.org/10.3928/19404921-20081001-03
https://doi.org/10.3928/19404921-20081001-03
https://doi.org/10.1016/j.archger.2016.04.009
https://doi.org/10.1016/j.archger.2016.04.009

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants and randomisation
	Study protocol
	Multimodal training intervention (MTI)
	Intermittent hypoxic–hyperoxic training (IHHT) programme
	Assessments
	Perceived health as a part of quality of life
	Mobility
	Cognitive testing
	Evaluation of functional exercise capacity

	Statistical methods

	Results
	Mobility
	Perceived health as a part of quality of life
	Blood tests and cardiorespiratory parameters

	Discussion
	Mobility
	Perceived health as a part of QoL
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

