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Abstract

Background: Hypoxic conditioning has been proposed as a new tool to mitigate the sarcopenia and enhance
health-related function, but decrements in standing balance have been observed during hypoxia exposure. The aim
of the study was to evaluate the effect of a hypoxic conditioning training on functional fitness, balance and fear of
falling in healthy older adults.

Methods: A total of 54 healthy older adults (aged 65–75 years), who voluntarily participated in the study, were
randomly divided into three groups: the control group (CON), the normoxia training group (NT) that performed
strength training in normoxia, and the hypoxia training group (HT) that trained under moderate hypoxic conditions
at a simulated altitude of 2500 m asl. The training programme that was performed during 24 weeks was similar in
both experimental groups and consisted of a full-body workout with elastic bands and kettlebells (three sets × 12–
15 reps). The Senior Fitness Test (SFT), the Single Leg Stance test (SLS) and the Short Falls Efficacy Scale-
International (FES-I) were assessed before and after the intervention.

Results: Results showed that after training, either in normoxia or in hypoxia, the participants increased upper and
lower body strength, and the aerobic endurance, and decreased the fear of falling.

Conclusions: The moderate hypoxic conditioning seems to be a useful tool to increase the functional capacity in
healthy older adults without observing a decline in balance.

Trial registration: ClinicalTrials.gov NCT04281264. Registered February 9, 2019-Retrospectively registered.
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Background
Aging, even in the absence of chronic disease, is associ-
ated with a variety of biological changes that can con-
tribute to decreased skeletal muscle mass and strength
[1, 2], as well as a loss of physical and cognitive func-
tionality [3, 4]. Additionally, the loss of functional cap-
acity and muscular strength in the lower body are
considered responsible for a greater risk of falls [5]. All
these unhealthy changes could be attributed to a variety
of causes, such as disuse, alteration of protein synthesis,
chronic inflammation or increase in inter and intramus-
cular adipocyte content [6, 7].
In general, physical exercise has been recognized as a

fundamental tool in the treatment and prevention of
chronic diseases associated with aging [8]. More specific-
ally, resistance training and multifactorial physical training
are effective at improving the functional capability and
quality of life of the older people, as well as attenuating
the loss of muscle mass and reducing the risk of falls asso-
ciated with aging [9–11]. However, not all strength train-
ing methods are a viable option for older people, being
necessary to adjust factors such as intensity, volume, fre-
quency and type of exercises [7]. In this sense, strength
training with elastic bands has been proposed as a safe,
low-cost and effective method to promote significant
beneficial effects in older people [12, 13].
However, new methods and protocols are being stud-

ied to optimize the benefits and physiological adapta-
tions caused by training. Hypoxia conditioning has been
proposed as a new therapeutic modality to mitigate the
sarcopenia and loss of strength during ageing [14, 15].
Exercise training in hypoxia enhanced health-related
function in obese men [16], and an intermittent hypoxia
training had positive effects on hemodynamics, micro-
vascular endothelial function, and work capacity of un-
trained senior men [17]. Even, Schega et al. [18] claimed
that hypoxic training is more effective than solely
strength-endurance training on cognitive performance
and quality of life of older people.
Previous studies have shown that physical conditioning

in normoxia, compared to that performed in hypoxia,
does not lead to the same acute and/or chronic re-
sponses at the cardiovascular and muscular level [19]. In
situations of low oxygen availability, the hypoxia-
inducible factor 1α (HIF-1α) stabilizes and activates the
transcription of genes, some of them involved in pro-
cesses such as cell survival, angiogenesis or the regula-
tion of the inflammatory response [20]. In addition to
this, the resistance training under moderate hypoxia pro-
motes the skeletal muscle cell growth [21] and the
motor unit recruitment [22]. However, decrements in
postural control and standing balance during hypoxia
exposure due to alterations in processing of sensori-
motor signals (visual, vestibular, and proprioceptive)

within subcortical or cortical structures have also been
observed [23, 24]. This fact could have a negative effect
on the functional capability of the older adults, although
balance was only disrupted during normobaric hypoxia
at fraction of inspired oxygen (FIO2) less than 15% [24].
Moreover, while the isolated negative effects of hypoxia
on postural balance have been analyzed before, no study
has examined the combined effects of normobaric hyp-
oxia and strength training on this parameter in older
adults.
Therefore, the aim of this study was to analyze

whether a strength training under moderate normobaric
hypoxia has beneficial effects on the functional fitness of
healthy older adults and the fear of falling, without nega-
tively affecting balance. The starting hypothesis is that
the training program will improve the functional cap-
ability of the older adults and decrease the fear of falling
due to an increase in muscle strength.

Methods
Participants
A total of 54 healthy older adults aged 65–75 years par-
ticipated in the study. The control variables and an-
thropometric characteristics of the participants are
shown in Table 1. Various associations of retired people,
nursing homes and senior universities were contacted to
inform them about the project and recruit subjects. Par-
ticipants were selected after a screening visit, in which
the following inclusion criteria had to be met: (1)
women and men aged 65 years or older, (2) absence of
participation in any other type of intervention based on
physical exercise in the last 6 months, (3) subjects have
not been above 1500 m during the last 3 months, (4) no
current medical condition that is not compatible with
resistance exercises, and (5) consumption of no more
than two alcoholic beverages per day. Group adherence
to training was set at 75% attendance. Additionally, they
were asked to continue with their usual lifestyle and diet
throughout the intervention, and they were allowed to
continue using their usual medication. The volunteers,
who finally met the inclusion criteria, were divided into
three groups in a controlled and randomized design, al-
though balancing the groups by sex: Control group
(CON; n = 19) that did not perform physical exercise
and were instructed to continue with their normal daily
activities; Normoxia training group (NT; n = 18) that
performed a strength training in normoxia; and Hypoxia
training group (HT; n = 17) that trained at a simulated
altitude of 2500m asl. The research was approved by the
Bioethics Committee of the university (Ref: 65/2018)
and was carried out respecting the ethical principles
established in the Declaration of Helsinki. The partici-
pants signed an informed consent and could leave the
research at any time.
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Strength training
The intervention programme was performed by certified
trainers. The design of the exercise programme was car-
ried out following the recommendations of the Ameri-
can College of Sport Medicine [25] and lasted 24 weeks,
with a training frequency of 3 days per week (Monday,
Wednesday and Friday). Before starting the training
programme, two familiarization sessions were held with
the participants to learn the technique of the exercises
and to define the training load. The intensity of the exer-
cises was controlled from the rate of perceived effort
(RPE) measured with a visual analogue scale validated
for strength exercises [26]. This scale quantifies effort
from 0 (extremely easy) to 10 points (extremely hard),
and throughout the intervention the subjects had to
train with an effort that ranged between 6 and 8.
The duration of the training session was approximately

45 min, which included a 10-min warm-up with body
mobilization and dynamic stretching, a 30-min main
part and a 5-min cool down with stretching exercises
and relaxation. The main part of the session consisted of
a circuit in which nine exercises were performed to train
several body areas (pectoral, shoulders, back, arms,
thighs, legs and abdominals) with a structure of three
series of 12–15 repetitions per exercise, with a 1-min
rest between sets. Six exercises were performed using
elastic bands (chest press, back row, biceps curl, triceps
pushdown, standing lateral raise and front shoulder
raise), regulating the intensity according to the colour of
the band. The tension of the bands varied from low to
high depending on the colour of the band (orange/
green/blue). Each subject adjusted the resistance to
training depending on the grip and the distance reached
during the movement. The workload in all the groups
was reviewed every 2 weeks throughout the training
programme in order to train progressively and to en-
courage a change in the colour of the band until reach-
ing blue (although always with an effort that ranged
between 6 and 8 of RPE). Additionally, two other exer-
cises were developed (squat and lying hip raise) with ket-
tlebells, with loads that evolved from 4 kg to 10 kg. The
last exercise was a front plank in isometric conditions
for 15 s (and evolving up to 30 s throughout the

training), which was repeated three times with a 1-min
rest between sets.
Depending on the experimental group, the training

was performed in normoxia or in normobaric hypoxia.
The NT group trained in a room at 459 m asl. The HT
group trained inside a hypoxia chamber (CAT 310, Col-
orado Altitude Training, USA) located in the training
room. The hypoxic environment was produced by a hyp-
oxic generator (CAT 12, Colorado Altitude Training,
USA). It was set a FiO2 of 16.1% to simulate an altitude
of 2500m asl. The simulated altitude was calculated ac-
cording to the chart and guidelines provided by the hyp-
oxic generator manufacturer. FiO2 was controlled
regularly with an electronic device (HANDI +, Maxtec,
USA). For safety reasons, during the training session in
hypoxia, a pulse oximeter was used to ensure that blood
oxygen saturation (SpO2%) did not fall below 85%.

Measurements
On their first visit to the laboratory, subjects answered
an adapted version of the Physical Activity Rating Ques-
tionnaire (PAR-Q) to evaluate their level of physical ac-
tivity [27], with scores between 0 (lowest level) and 7
(highest level). Likewise, the caloric intake of the partici-
pants was estimated using a 7-day diet inventory, which
was analyzed using the diet software Nutriber (Nutriber
v1.1.1, Funiber, Spain). Body mass and height was also
measured using a portable stadiometer (Seca 213,
Germany), and body mass index (BMI) was calculated
from the ratio of weight/height2 (kg/m2).
Body composition variables such as fat mass and lean

body mass were calculated before and after the interven-
tion using dual-energy X-ray absorptiometry (DXA,
Norland Excell Plus, Norland Inc., USA). The standard
CVs was 1.4% for fat mass and 0.9% for lean body mass.
The same technician performed all the scans, which
were analyzed by a graphical user interface to Windows
XP operating system.
Functional fitness was evaluated with the Senior Fit-

ness Test (SFT) [28] by the same technician in the
morning (10:00–12:00a.m), before and after 24 weeks of
intervention This test battery is considered a reliable in-
strument to assess functional capability in older adults

Table 1 Control variables and anthropometric characteristics of the participants before the intervention (mean ± SD)

Groups Years Weight (kg) Height (m) BMI Kcal/day PAR-Q (0–7)

Control (n = 19) 70.55 ± 4.0 66.1 ± 10.2 1.56 ± 0.9 26.8 ± 2.6 1941.5 ± 306.1 2.75 ± 0.85

NT (n = 18) 70.35 ± 3.3 70.9 ± 11.5 1.61 ± 0.8 27.1 ± 3.9 1847.0 ± 442.6 2.52 ± 1.46

HT (n = 17) 68.46 ± 3.8 71.9 ± 14.9 1.64 ± 0.9 26.4 ± 3.3 2004.0 ± 254.55 2.30 ± 0.85

P .508 .430 .601 .892 .697 .589

NT: Normoxia training group
HT: Hypoxia training group
BMI: Body mass index
PAR-Q: Physical activity rating scale
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(≥ 60 years of age) [29]. Participants had to perform six
test: chair stand test (to assess lower body strength); arm
curl test (to measure upper body strength); 6-min walk
(to assess aerobic endurance); chair sit and reach test (to
assess lower body flexibility); back scratch test (to assess
upper body flexibility); and 8-ft up and go test (to assess
agility and dynamic balance).
The single leg stance (SLS) test was used to assess

static postural and balance control. SLS test a valuable
tool for monitoring postural disturbance and musculo-
skeletal status as well as for managing fall risk [30]. The
test was performed with eyes open and hands on the
hips. Participant had to stand unassisted on dominant
leg, timed from the time the other foot leaves the
ground till when the foot touches the ground again or
the arms leave the hips. A maximum time of 45 s was
set for the time recording.
An assessment of fear of falling was also made. Partici-

pants had to complete the Short Falls Efficacy Scale-
International (FES-I) questionnaire [31], before and after
the intervention. This questionnaire consists of a scale
that ranges from a minimum value of 7 points (without
fear of falling) to a maximum of 28 points (severe fear of
falling).
Control of effort during training sessions was moni-

tored weekly in all subjects. SpO2%, heart rate (HR) and
RPE were measured. Measurements were made 3 min
after the last exercise of the session had ended. The
mean values obtained from the 24 weeks that the inter-
vention lasted were calculated. SpO2% was measured in
duplicate using a pulse oximeter (Wristox 3100; Nonin,
USA). HR was monitored using a HR monitor (Polar Z9,
Finland) and beats per minute (bpm) were recorded.
RPE was obtained by showing a graphical scale to partic-
ipants with a category-ratio 10 scale, ranging between 1
(extremely easy) and 10 (extremely hard) [26].

Statistical analyses
Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, version 23.0, Chicago,
IL, USA). The Shapiro-Wilks test was applied in order
to verify a normal distribution of data, and Levene’s test
was used to assess the homogeneity of variance. A re-
peated measures ANOVA was performed for each vari-
able to explore within-group and between-group
differences over time, using the baseline values as covari-
ates. Post hoc Bonferroni tests were performed when ap-
propriate using the SPSS syntax commands. The
confidence interval (CI) for the difference between pre-
post has been shown to provide an estimate of the abso-
lute difference in means of variables of interest. The ef-
fect size (ES) and the percentage change (%Δ) from Pre-
to Post- were also calculated when there were significant
differences. The magnitude of effect was classified as

trivial (0.25), small (between 0.25 and 0.50), moderate
(between 0.50 and 1.0) and large (> 1.0). The significance
level was set at p ≤ 0.05, with a confidence level of 95%.

Results
A total of 54 healthy older adults completed the inter-
vention, and their results were included in the analysis.
There were no research-related adverse effects or injur-
ies. The control variables of the participants are shown
in Table 1. Prior to the intervention, no significant dif-
ferences between groups were observed for any variable.
The SpO2% values shown in Table 2 indicate that the en-

vironmental conditions during training sessions were differ-
ent between NT and HT. SpO2% was significantly lower
(p = 0.001) during HT than in NT. No differences were ob-
served between groups with regard to HR and RPE.
Table 3 shows the results obtained in functional fitness

tests, fear of falling and body composition assessment.
After the intervention, both in normoxic and hypoxic
conditions, a significant increase was observed in the
Chair Stand (+ 8.6%Δ, ES: 0.46 for NT; and + 19.7%Δ,
ES: 1.30 for HT), in the Arm Curl (+ 18.4%Δ, ES: 1.00
for NT; and + 16.9%Δ, ES: 0.94 for HT) and in the 6 min.
Walk (+ 5.4%Δ, ES: 0.40 for NT; and + 4.7%Δ, ES: 0.39
for HT). In CON there was no significant change, with
the exception of a decrease in 6 min. Walk (− 5.0%Δ, ES:
0.48). HT showed significantly higher levels than CON
in Chair Stand (p = 0.035) and in 6 min. Walk (p =
0.048) after the training program, without observing dif-
ferences with respect to NT. In connection with values
obtained in the FES-I, after the intervention a significant
decrease was found in both NT (− 18.6% Δ, ES: 1.17)
and HT (− 12.5% Δ, ES: 1.11). Additionally, the results
observed in NT were significantly lower (p = 0.037) than
those of the CON, although without differences com-
pared to HT. Finally, there were no significant variations
in body composition between pre- and post-values in
both training groups (NT and HT). However, CON
showed a significant decrease in lean body mass (− 3.1%
Δ, ES: 0.13) and a significant increase in fat mass (+ 6%
Δ, ES: 0.27), without any between-group differences.

Table 2 Variables measured during resistance training sessions
(mean ± SD)

Variables NT HT p

SpO2 (%) 96.2 ± 1.8 90.0 ± 1.4 .001††

HR (bpm) 87.4 ± 14.7 96.5 ± 17.5 .370

RPE 5.8 ± 0.7 5.9 ± 0.8 .999

NT: Normoxia training group; HT: Hypoxia training group
SpO2 (%): Blood oxygen saturation
HR: Heart rate
RPE: Rate of perceived effort
††p < 0.01. Significant difference between groups
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Discussion
The aim of the study was to evaluate the effect of 24
weeks of moderate hypoxic strength training on func-
tional fitness, balance and fear of falling in healthy older
adults. The hypothesis was fulfilled since the results have
shown that the hypoxic training led to an improvement
in strength and aerobic endurance, as well as to a lesser
concern of suffering a fall, without observing a worsen-
ing of the balance. Additionally, in CON group which
did not perform any type of strength training, an in-
crease in fat mass and a decrease in lean body mass were
observed.
Sarcopenia and loss of muscle strength during aging

cause a decrease in physical fitness, functional capability,
and balance ability [15]. Strength training has been con-
sistently shown as an effective measure to mitigate
muscle weakness, physical frailty, and functional capacity
[7, 32]. In the present study, the results obtained confirm
these statements since the older adults who performed
strength training with elastic bands and kettlebells in
normoxia improved the values of the chair stand, arm
curl test and 6-min walk tests. Likewise, after the nor-
moxia training program and compared to CON, there
was less concern among the older adults to fall. The risk
of falling in the older adults is linked to sarcopenia and
balance ability [33], so an improvement in muscle
strength would be logically associated with a decrease in
the risk of falls and the fear of falling [34, 35].
Similar results were observed after the resistance train-

ing program in hypoxic conditions, even showing a sig-
nificant difference compared to CON in the values
obtained in the chair stand and in the 6-min walk. These
tests were originally designed to assess upper body
strength and endurance resistance, being capable of de-
tecting performance differences between those with high
and low self-reported physical activity [28]. Previous
studies have also showed improvements in physical fit-
ness (chair sit-to-stand) and lung function in older men
after a combined training of aerobic exercise and elastic
resistance exercise performed for 12 weeks at 3000-m
normobaric hypoxia (FiO2 = 14.5%) [16]. A group of
people over 65 years improved peak aerobic power and
the time to exhaustion after a program that combined
aerobic training with passive hypoxic exposures during
90min three times per week [36]. Similarly, several stud-
ies have concluded that an additional intermittent hyp-
oxic training combined with physical exercise
augmented the positive effects of exercise on quality of
life in older adults [18, 36]. Even a promising treatment
for older adults that combines hypoxic periods with
moderate hyperoxic periods (30–40% oxygen) has been
proposed as a training with more beneficial effects on
functional and cognitive capacity than hypoxic condi-
tioning alone, justifying it in a faster recovery of oxygen

desaturation and a faster membrane-stabilizing effect in
cells of the heart, liver, and brain [37, 38]. In contrast,
one study found no significant differences in the max-
imal isokinetic strength and cardiopulmonary capacity
between older people who performed resistance training
under normobaric hypoxia compared to those who
trained under normoxia. Unlike aforementioned studies,
the short duration of this training program (5 weeks)
and the low load intensity (25–40% of 1RM) would ex-
plain the difference in results between studies. The im-
provements in the physical performance of the older
adults could be explained by specific muscular adapta-
tions to moderate hypoxic conditioning, such as the in-
crease in the recruitment of muscle fibers, the
stimulation of muscle protein synthesis, the regulation
of the inflammatory response, the efficiency of metabolic
oxidation and mitochondrial functioning [15, 39, 40].
Additionally, it should be noted that in our research, the
improvement in functional fitness of the older adults
who trained in hypoxia did not cause a loss of balance,
and it was associated with a decrease in concern about
falling. Previous studies have shown that exposure to
hypoxia conditions worsened parameters of standing
balance [24]. However, in the present study no loss of
balance was observed in the SLS test. In this sense, it
has been stated that alteration in postural control is lar-
ger in hypobaric than in normobaric hypoxia, suggesting
that hypobaria instead of hypoxia per is the main factor
that causes an altered balance [41]. It has also been
stated that the decrease in standing balance is greater
the higher the simulated altitude for normobaric hyp-
oxia, with significant differences being observed from
approximately 2500m [23]. Given that our strength
training in hypoxia was carried out at a simulated mod-
erate altitude of 2500m, it seems that arterial oxygen-
ation at that altitude did not influence the processing of
sensorimotor signals responsible for balance.
Regarding body composition, there was no significant

change in the training groups, although there was a de-
crease in lean body mass and an increase in fat mass in
CON. This maintenance of lean body mass in the hyp-
oxia training group could indicate that the combination
of strength exercises with exposure to stressful hypoxic
environments could serve to attenuate the loss of muscle
mass in the older people [14]. Previous studies have con-
cluded that hypoxic training had an additive effect on
weight loss and body composition in older adults [16].
However, these results regarding lean body mass should
be interpreted with some caution. On the one hand,
there is a consensus opinion that during aging muscle
health must be evaluated in terms of muscle mass,
strength and functional capacity, rather than just size or
lean body mass [29, 42]. On the other hand, there is no
unanimity regarding the benefits of hypoxic conditioning
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on body composition, since factors such as the degree
and severity of hypoxia, as well as the duration, intensity,
repetitions and recovery of training, play an important
role in long-term muscular and metabolic adaptations
[43, 44].
The study had some limitations. The experimental de-

sign did not have a sham group to analyze the independ-
ent effect of only hypoxia exposure. The diet was not
monitored during the intervention, as only a record of
caloric intake was carried out at the beginning of the
programme. Even though participants were instructed
not to change their nutritional habits, some dietary
habits could have changed during the duration of the
intervention. Additionally, the use of other imaging tech-
niques (magnetic resonance and computed tomography)
to evaluate the muscle cross-sectional area and regional
skeletal muscle, and the isokinetic dynamometer to
analyze the rate of force development and the peak
torque would have provided more complete information
about the functional capacity and muscle quality
(strength per unit tissue).

Conclusions
In conclusion, the findings show that moderate hypoxic
conditioning improve the functional fitness and reduce
the fear of falling in healthy older adults, without observ-
ing a decline in the balance. Likewise, this study provides
promising data on the usefulness the hypoxic condition-
ing in slowing sarcopenia development and loss of
strength during aging. Based on the results obtained,
moderate physical conditioning in hypoxia is well toler-
ated by older people, producing a synergistic effect be-
tween the benefits of strength training and the benefits
of exposure to moderate normobaric hypoxia.

Abbreviations
ANOVA: Analysis of variance; Asl: Above sea level; BMI: Body mass index;
CON: control group; ES: Effect size; FES-I: Short Falls Efficacy Scale-
International; FiO2: Fraction of inspired oxygen; HR: Heart rate; HT: Hypoxia
training group; NT: Normoxia training group; PAR-Q: Physical activity rating
scale; RM: Repetition maximum; RPE: Rate of perceived effort; SFT: Senior
Fitness Test; SLS: Single Leg Stance test; SpO2 (%): Blood oxygen saturation

Acknowledgements
N/A

Authors' contributions
RT: Conceptualization, Writing-Original Draft, Formal analysis, Supervision,
Project administration, Funding acquisition. MCC: Methodology, Investigation,
Review & Editing. AGC: Methodology, Investigation. GO: Methodology, Inves-
tigation. NG: Visualization, Resources. ACC: Supervision, Writing - Review &
Editing, Data Curation, Formal analysis. All authors read and approved the
final manuscript.

Authors’ information
N/A

Funding
This study has been supported by the Government of Extremadura (Spain)
with funding from the Regional Ministry of Economy and Infrastructures

(Grant Ref.: IB18010) and from the European Regional Development Fund
(Grant Ref: GR18003).

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate.
This study was approved by the University Research Ethics Committee (Ref:
65/2018) and conducted in accordance with the Helsinki Declaration.
Prior to the study, all participants were provided with information detailing
the purpose and requirements of the research and provided signed
informed consent.

Consent for publication
Participants signed informed consent regarding publishing their data.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1Faculty of Sport Sciences, University of Extremadura, Cáceres, Spain. 2Faculty
of Education, University of Nebrija, Madrid, Spain.

Received: 6 July 2021 Accepted: 19 November 2021

References
1. Trombetti A, Reid KF, Hars M, Herrmann FR, Pasha E, Phillips EM, et al. Age-

associated declines in muscle mass, strength, power, and physical
performance: impact on fear of falling and quality of life. Osteoporos Int.
2016;27(2):463–71. https://doi.org/10.1007/s00198-015-3236-5.

2. Dionyssiotis Y. Sarcopenia in the elderly. Eur Endocrinol. 2019;15(1):13–4.
https://doi.org/10.17925/EE.2019.15.1.13.

3. Hairi NN, Cumming RG, Naganathan V, Handelsman DJ, Le Couteur DG,
Creasey H, et al. Loss of muscle strength, mass (sarcopenia), and quality
(specific force) and its relationship with functional limitation and physical
disability: the Concord health and ageing in men project. J Am Geriatr Soc.
2010;58(11):2055–62. https://doi.org/10.1111/j.1532-5415.2010.03145.x.

4. Sui SX, Williams LJ, Holloway-Kew KL, Hyde NK, Pasco JA. Skeletal Muscle
Health and Cognitive Function: A Narrative Review. Int J Mol Sci. 2020;22(1).

5. Romero-García M, López-Rodríguez G, Henao-Morán S, González-Unzaga M,
Galván M. Effect of a multicomponent exercise program (VIVIFRAIL) on
functional capacity in elderly ambulatory: a non-randomized clinical trial in
Mexican women with Dynapenia. J Nutr Health Aging. 2021;25(2):148–54.
https://doi.org/10.1007/s12603-020-1548-4.

6. Delmonico MJ, Harris TB, Visser M, Park SW, Conroy MB, Velasquez-Mieyer P,
et al. Longitudinal study of muscle strength, quality, and adipose tissue
infiltration. Am J Clin Nutr. 2009;90(6):1579–85. https://doi.org/10.3945/ajcn.2
009.28047.

7. Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ, Peterson MD,
et al. Resistance training for older adults: position statement from the
National Strength and conditioning association. J Strength Cond Res. 2019;
33(8):2019–52. https://doi.org/10.1519/JSC.0000000000003230.

8. Sallis R. Exercise is medicine: a call to action for physicians to assess and
prescribe exercise. Phys Sportsmed. 2015;43(1):22–6. https://doi.org/10.1080/
00913847.2015.1001938.

9. Papa EV, Dong X, Hassan M. Resistance training for activity limitations in
older adults with skeletal muscle function deficits: a systematic review. Clin
Interv Aging. 2017;12:955–61. https://doi.org/10.2147/CIA.S104674.

10. Bårdstu HB, Andersen V, Fimland MS, Aasdahl L, Raastad T, Cumming KT,
et al. Effectiveness of a resistance training program on physical function,
muscle strength, and body composition in community-dwelling older
adults receiving home care: a cluster-randomized controlled trial. Eur Rev
Aging Phys Act. 2020;17(1):11. https://doi.org/10.1186/s11556-020-00243-9.

11. Hopewell S, Copsey B, Nicolson P, Adedire B, Boniface G, Lamb S.
Multifactorial interventions for preventing falls in older people living in the
community: a systematic review and meta-analysis of 41 trials and almost

Timon et al. European Review of Aging and Physical Activity           (2021) 18:25 Page 7 of 8

https://doi.org/10.1007/s00198-015-3236-5
https://doi.org/10.17925/EE.2019.15.1.13
https://doi.org/10.1111/j.1532-5415.2010.03145.x
https://doi.org/10.1007/s12603-020-1548-4
https://doi.org/10.3945/ajcn.2009.28047
https://doi.org/10.3945/ajcn.2009.28047
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1080/00913847.2015.1001938
https://doi.org/10.1080/00913847.2015.1001938
https://doi.org/10.2147/CIA.S104674
https://doi.org/10.1186/s11556-020-00243-9


20 000 participants. Br J Sports Med. 2020;54(22):1340–50. https://doi.org/1
0.1136/bjsports-2019-100732.

12. Thiebaud RS, Funk MD, Abe T. Home-based resistance training for older
adults: a systematic review. Geriatr Gerontol Int. 2014;14(4):750–7. https://
doi.org/10.1111/ggi.12326.

13. Chupel MU, Direito F, Furtado GE, Minuzzi LG, Pedrosa FM, Colado JC, et al.
Strength training decreases inflammation and increases cognition and
physical fitness in older women with cognitive impairment. Front Physiol.
2017;8:377. https://doi.org/10.3389/fphys.2017.00377.

14. Millet GP, Debevec T, Brocherie F, Malatesta D, Girard O. Therapeutic use of
exercising in hypoxia: promises and limitations. Front Physiol. 2016;7:224.
https://doi.org/10.3389/fphys.2016.00224.

15. Jung WS, Kim SW, Kim JW, Park HY. Resistance Training in Hypoxia as a New
Therapeutic Modality for Sarcopenia-A Narrative Review. Life (Basel). 2021;
11(2):106.

16. Park HY, Jung WS, Kim J, Lim K. Twelve weeks of exercise modality in
hypoxia enhances health-related function in obese older Korean men: a
randomized controlled trial. Geriatr Gerontol Int. 2019;19(4):311–6. https://
doi.org/10.1111/ggi.13625.

17. Shatilo VB, Korkushko OV, Ischuk VA, Downey HF, Serebrovskaya TV. Effects
of intermittent hypoxia training on exercise performance, hemodynamics,
and ventilation in healthy senior men. High Alt Med Biol. 2008;9(1):43–52.
https://doi.org/10.1089/ham.2007.1053.

18. 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(4):316–23. https://doi.org/10.11
59/000350927.

19. Lundby C, Calbet JA, Robach P. The response of human skeletal muscle
tissue to hypoxia. Cell Mol Life Sci. 2009;66(22):3615–23. https://doi.org/10.1
007/s00018-009-0146-8.

20. Palazon A, Goldrath AW, Nizet V, Johnson RS. HIF transcription factors,
inflammation, and immunity. Immunity. 2014;41(4):518–28. https://doi.org/1
0.1016/j.immuni.2014.09.008.

21. Sakushima K, Yoshikawa M, Osaki T, Miyamoto N, Hashimoto T. Moderate
hypoxia promotes skeletal muscle cell growth and hypertrophy in C2C12
cells. Biochem Biophys Res Commun. 2020;525(4):921–7. https://doi.org/10.1
016/j.bbrc.2020.02.152.

22. Scott BR, Slattery KM, Sculley DV, Lockhart C, Dascombe BJ. Acute
physiological responses to moderate-load resistance exercise in hypoxia. J
Strength Cond Res. 2017;31(7):1973–81. https://doi.org/10.1519/JSC.
0000000000001649.

23. Wagner LS, Oakley SR, Vang P, Noble BN, Cevette MJ, Stepanek JP. Hypoxia-
induced changes in standing balance. Aviat Space Environ Med. 2011;82(5):
518–22. https://doi.org/10.3357/ASEM.2885.2011.

24. Debenham MIB, Smuin JN, Grantham TDA, Ainslie PN, Dalton BH. Hypoxia
and standing balance. Eur J Appl Physiol. 2021;121(4):993–1008. https://doi.
org/10.1007/s00421-020-04581-5.

25. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al.
Physical activity and public health in older adults: recommendation from
the American College of Sports Medicine and the American Heart
Association. Med Sci Sports Exerc. 2007;39(8):1435–45. https://doi.org/10.124
9/mss.0b013e3180616aa2.

26. Colado JC, Garcia-Masso X, Triplett TN, Flandez J, Borreani S, Tella V.
Concurrent validation of the OMNI-resistance exercise scale of perceived
exertion with Thera-band resistance bands. J Strength Cond Res. 2012;
26(11):3018–24. https://doi.org/10.1519/JSC.0b013e318245c0c9.

27. Jackson AS, Blair SN, Mahar MT, Wier LT, Ross RM, Stuteville JE. Prediction of
functional aerobic capacity without exercise testing. Med Sci Sports Exerc.
1990;22(6):863–70. https://doi.org/10.1249/00005768-199012000-00021.

28. Rikli R, Jones C. Senior fitness test manual. 2nd. ed. Champaign, IL: Human
Kinetics; 2013.

29. Francis P, Lyons M, Piasecki M, Mc Phee J, Hind K, Jakeman P. Measurement
of muscle health in aging. Biogerontology. 2017;18(6):901–11. https://doi.
org/10.1007/s10522-017-9697-5.

30. Jonsson E, Seiger A, Hirschfeld H. One-leg stance in healthy young and
elderly adults: a measure of postural steadiness. Clin Biomech. 2004;19(7):
688–94. https://doi.org/10.1016/j.clinbiomech.2004.04.002.

31. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C.
Development and initial validation of the falls efficacy scale-international
(FES-I). Age Ageing. 2005;34(6):614–9. https://doi.org/10.1093/ageing/afi196.

32. Lopez P, Pinto RS, Radaelli R, Rech A, Grazioli R, Izquierdo M, et al. Benefits
of resistance training in physically frail elderly: a systematic review. Aging
Clin Exp Res. 2018;30(8):889–99. https://doi.org/10.1007/s40520-017-0863-z.

33. Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, Harris TB. Sarcopenia:
etiology, clinical consequences, intervention, and assessment. Osteoporos
Int. 2010;21(4):543–59. https://doi.org/10.1007/s00198-009-1059-y.

34. Ishigaki EY, Ramos LG, Carvalho ES, Lunardi AC. Effectiveness of muscle
strengthening and description of protocols for preventing falls in the
elderly: a systematic review. Braz J Phys Ther. 2014;18(2):111–8. https://doi.
org/10.1590/S1413-35552012005000148.

35. Pirauá ALT, Cavalcante BR, de Oliveira VMA, Beltrão NB, de Amorim BG,
Pitangui ACR, et al. Effect of 24-week strength training on unstable surfaces
on mobility, balance, and concern about falling in older adults. Scand J
Med Sci Sports. 2019;29(11):1805–12. https://doi.org/10.1111/sms.13510.

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

37. Bayer U, Likar R, Pinter G, Stettner H, Demschar S, Trummer B, et al.
Intermittent hypoxic-hyperoxic training on cognitive performance in
geriatric patients. Alzheimers Dement (N Y). 2017;3(1):114–22. https://doi.
org/10.1016/j.trci.2017.01.002.

38. Glazachev O. Optimization of clinical application of interval hypoxic training.
Biomed Eng. 2013;47(3):134–7. https://doi.org/10.1007/s10527-013-9352-7.

39. Gangwar A, Paul S, Ahmad Y, Bhargava K. Intermittent hypoxia modulates
redox homeostasis, lipid metabolism associated inflammatory processes and
redox post-translational modifications: benefits at high altitude. Sci Rep.
2020;10(1):7899. https://doi.org/10.1038/s41598-020-64848-x.

40. Dempsey JA, Morgan BJ. Humans in hypoxia: a conspiracy of maladaptation.
Physiology (Bethesda). 2015;30(4):304–16. https://doi.org/10.1152/physiol.
00007.2015.

41. Degache F, Serain É, Roy S, Faiss R, Millet GP. The fatigue-induced alteration
in postural control is larger in hypobaric than in normobaric hypoxia. Sci
Rep. 2020;10(1):483. https://doi.org/10.1038/s41598-019-57166-4.

42. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al.
Sarcopenia: an undiagnosed condition in older adults. Current consensus
definition: prevalence, etiology, and consequences. International working
group on sarcopenia. J Am Med Dir Assoc. 2011;12(4):249–56. https://doi.
org/10.1016/j.jamda.2011.01.003.

43. Ramos-Campo DJ, Scott BR, Alcaraz PE, Rubio-Arias JA. The efficacy of
resistance training in hypoxia to enhance strength and muscle growth: a
systematic review and meta-analysis. Eur J Sport Sci. 2018;18(1):92–103.
https://doi.org/10.1080/17461391.2017.1388850.

44. Törpel A, Peter B, Schega L. Effect of resistance training under Normobaric
hypoxia on physical performance, hematological parameters, and body
composition in young and older people. Front Physiol. 2020;11:335. https://
doi.org/10.3389/fphys.2020.00335.

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

Timon et al. European Review of Aging and Physical Activity           (2021) 18:25 Page 8 of 8

https://doi.org/10.1136/bjsports-2019-100732
https://doi.org/10.1136/bjsports-2019-100732
https://doi.org/10.1111/ggi.12326
https://doi.org/10.1111/ggi.12326
https://doi.org/10.3389/fphys.2017.00377
https://doi.org/10.3389/fphys.2016.00224
https://doi.org/10.1111/ggi.13625
https://doi.org/10.1111/ggi.13625
https://doi.org/10.1089/ham.2007.1053
https://doi.org/10.1159/000350927
https://doi.org/10.1159/000350927
https://doi.org/10.1007/s00018-009-0146-8
https://doi.org/10.1007/s00018-009-0146-8
https://doi.org/10.1016/j.immuni.2014.09.008
https://doi.org/10.1016/j.immuni.2014.09.008
https://doi.org/10.1016/j.bbrc.2020.02.152
https://doi.org/10.1016/j.bbrc.2020.02.152
https://doi.org/10.1519/JSC.0000000000001649
https://doi.org/10.1519/JSC.0000000000001649
https://doi.org/10.3357/ASEM.2885.2011
https://doi.org/10.1007/s00421-020-04581-5
https://doi.org/10.1007/s00421-020-04581-5
https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.1519/JSC.0b013e318245c0c9
https://doi.org/10.1249/00005768-199012000-00021
https://doi.org/10.1007/s10522-017-9697-5
https://doi.org/10.1007/s10522-017-9697-5
https://doi.org/10.1016/j.clinbiomech.2004.04.002
https://doi.org/10.1093/ageing/afi196
https://doi.org/10.1007/s40520-017-0863-z
https://doi.org/10.1007/s00198-009-1059-y
https://doi.org/10.1590/S1413-35552012005000148
https://doi.org/10.1590/S1413-35552012005000148
https://doi.org/10.1111/sms.13510
https://doi.org/10.1016/j.jsams.2016.02.012
https://doi.org/10.1016/j.jsams.2016.02.012
https://doi.org/10.1016/j.trci.2017.01.002
https://doi.org/10.1016/j.trci.2017.01.002
https://doi.org/10.1007/s10527-013-9352-7
https://doi.org/10.1038/s41598-020-64848-x
https://doi.org/10.1152/physiol.00007.2015
https://doi.org/10.1152/physiol.00007.2015
https://doi.org/10.1038/s41598-019-57166-4
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1080/17461391.2017.1388850
https://doi.org/10.3389/fphys.2020.00335
https://doi.org/10.3389/fphys.2020.00335

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Participants
	Strength training
	Measurements
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors' contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate.
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

