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Abstract 

Background Aging is a degenerative process that is associated with an increased risk of diseases. Intermittent 
hypoxia has been investigated in reference to performance and health‑related functions enhancement. This system‑
atic review aimed to summarize the effect of either passive or active intermittent normobaric hypoxic interventions 
compared with normoxia on health‑related outcomes in healthy older adults.

Methods Relevant studies were searched from PubMed and Web of Science databases in accordance with PRISMA 
guidelines (since their inceptions up until August 9, 2022) using the following inclusion criteria: (1) randomized con‑
trolled trials, clinical trials and pilot studies; (2) Studies involving humans aged > 50 years old and without any chronic 
diseases diagnosed; (3) interventions based on in vivo intermittent systemic normobaric hypoxia exposure; (4) articles 
focusing on the analysis of health‑related outcomes (body composition, metabolic, bone, cardiovascular, functional 
fitness or quality of life). Cochrane Collaboration recommendations were used to assess the risk of bias.

Results From 509 articles initially found, 17 studies were included. All interventions were performed in moderate 
normobaric hypoxia, with three studies using passive exposure, and the others combining intermittent hypoxia with 
training protocols (i.e., using resistance‑, whole body vibration‑ or aerobic‑based exercise).

Conclusions Computed results indicate a limited effect of passive/active intermittent hypoxia (ranging 4–24 weeks, 
2–4 days/week, 16–120 min/session, 13–16% of fraction of inspired oxygen or 75–85% of peripheral oxygen satura‑
tion) compared to similar intervention in normoxia on body composition, functional fitness, cardiovascular and bone 
health in healthy older (50–75 years old) adults. Only in specific settings (i.e., intermediate‑ or long‑term interven‑
tions with high intensity/volume training sessions repeated at least 3 days per week), may intermittent hypoxia elicit 
beneficial effects. Further research is needed to determine the dose–response of passive/active intermittent hypoxia 
in the elderly.
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Key Points

• Passive and active intermittent normobaric hypoxia 
has a limited effect on health-related outcomes in 
healthy older adults, compared to similar interven-
tion in normoxia.

• Intermediate- or long-term intermittent hypoxia 
interventions with high intensity/volume training 
sessions repeated at least 3 days per week could have 
a putative effect on functional fitness and fat mass 
loss compared to normoxia.

• More research is needed to determine the dose–
response of passive/active intermittent normobaric 
hypoxia in healthy older adults

Introduction
Aging is a degenerative process produced as a result of 
different cellular dysfunctions and tissue damages, which 
cause a gradual loss of physical and mental capacities [1]. 
This progressive deterioration has been associated with 
the development of age-related disorders [2]. To circum-
vent them, different strategies, such as individualized 
socio-health care, the use of medications, exercise, main-
taining healthy lifestyles or improving the psycho-social 
environment of people, have been proposed [3, 4].

Currently, some review studies have proposed expo-
sure to hypoxic conditions, either passive or active in 
combination with exercise, as a promising tool to achieve 
health benefits [5–8], targeting hypoxia-inducible factor 
(HIF) and its signaling pathway as a novel therapeutic 
option to deal with various chronic diseases [9, 10]. On 
the one hand, an oxygen-deprived (hypoxia) environment 
impairs cell adaptation and survival [11] with chronic 
exposure to severe hypoxia leading to hypoxemia and 
cardiovascular and pulmonary complications [12, 13]. 
On the other hand, intermittent hypoxia (IH) has been 
shown to exert beneficial effects at the cardiovascular, 
metabolic, and cognitive levels, both in healthy and path-
ological individuals [14–16].

IH could be defined as repeated exposure to hypoxia 
interspersed with normoxia. In the clinical setting, IH has 
been associated with obstructive sleep apnea syndrome 
(OSAS), a disorder of sleep breathing characterized by 
nightly high frequency repetitive and prolonged periods 
of complete or partial obstruction of the upper airway 
[17, 18] that causes multiple alterations and pathologies 
in individuals [19, 20]. However, such chronic, severe, 
and repetitive IH must be differentiated from IH with 
controlled reduction of oxygen. OSAS causes a dysregu-
lated transcription of HIF-1α and HIF-2 α, increasing 
HIF-1α and decreasing HIF-2α [21]. On the contrary, IH 
and controlled reoxygenation prevents the hydroxylation 

and degradation of HIF-1α, allowing its stabilization 
and entry into the cell nucleus to activate genetic tran-
scription factors related to erythropoiesis, osteogenesis, 
angiogenesis, lipolysis, and antioxidant capacity [22–24]. 
For instance, short-term daily IH sessions consisting of 
3–4 bouts of 5–7  min exposure to 10–12% of fraction 
of inspired oxygen (%FiO2) alternated with similar peri-
ods of normoxia (%FiO2 21%) for at least 2–3 weeks have 
been shown to be beneficial for cardiovascular, respira-
tory and neurological disorders [25, 26].

Although previous studies have suggested that IH could 
have positive effects on hypertension, hemodynamics, 
neurodegeneration, and obesity [6, 7, 14], the current 
scientific knowledge is not unanimous. The physiological 
and metabolic adaptations induced by IH could depend 
on the hypoxic dose (i.e., severity, duration, and exposure 
time of the intervention), as well as other factors such as 
genetics, age of the individuals or training status [27–29]. 
To date, there is no systematic review in the present sci-
entific literature that specifically examines whether IH 
has positive or negative effects on health-related out-
comes in healthy older adults. We therefore summarize 
the effect of either passive or active IH interventions 
compared with normoxia on health-related outcomes in 
healthy older adults.

Methods
Search Strategy
A systematic review was performed following the Pre-
ferred Reporting Guidelines for Systematic Reviews and 
Meta-analyzes (PRISMA) [30]. The systematic review 
was registered using the PROSPERO International data-
base of systematic review protocols (Registration num-
ber: PROSPERO 2022 CRD42022338648). Randomized 
controlled trials (RCTs), clinical trials and pilot studies 
were identified by electronically searching the follow-
ing databases: PubMed (MEDLINE) and Web of Science 
(WoS), and through manual searching of reference lists of 
eligible studies. To optimize the identification of relevant 
articles, the terms “intermittent hypoxia”, “hypoxic con-
ditioning”, “normobaric hypoxia”, “elderly”, “older adults”, 
“therapeutic” and “health benefits” were combined with 
Boolean operators (“AND” and “OR”) and searched from 
inception up until August 9, 2022. All references were 
extracted and imported into an open-source research 
tool to systematize studies.

Inclusion Criteria

1. Types of studies. Articles published in peer-reviewed 
journals written in English. Randomized controlled 
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trials (RCTs), clinical trials and pilot studies, compar-
ing normobaric hypoxia vs. normoxia, were included.

2. Type of participants. Articles with humans (females 
and males) over 50 years old who had not been diag-
nosed with chronic diseases.

3. Types of interventions. To be included in this sys-
tematic review, interventions had to use only in vivo 
systemic IH training. Protocols using hypobaric 
hypoxia, hyperoxia or blood flow restriction (or other 
combination) were excluded, as well as acute or sin-
gle IH trials.

4. Types of outcomes evaluated. Articles that focused 
on the analysis of health-related variables (i.e., meta-
bolic, body composition, bone, cardiovascular, func-
tional fitness or quality of life) were included.

Selection Process
Two investigators (RT and FB) selected the eligible arti-
cles based on title, abstract and full paper, using the 
inclusion criteria. Disagreements were resolved by con-
sensus. Steps followed in the selection of studies were: 
(1) identification of potential studies, (2) duplicates 
removal, (3) title and abstract examination, (4) full text 
exploration and (5) checking of the quality of research 
and relevance to the purpose of the review.

Risk of Bias Assessment
Cochrane Collaboration recommendations [31] for sys-
tematic reviews of interventions were used to assess the 
risk of bias for all articles. Investigators’ assessments 
were classified as ’low risk’, ’high risk’ or ’unclear risk’ 
of bias, referring to the following domains: random 
sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome 
assessments, incomplete outcome data and selective 
reporting. Two investigators (RT and FB) indepen-
dently assessed the methodological quality of all arti-
cles selected. The discrepancies were resolved with the 
conciliation work carried out by another investigator 
(IMG).

Data Extraction
Data extraction was completed by the lead investigator 
(RT) who compiled them into descriptive tables. The data 
extraction was subsequently checked by another investi-
gator (IMG). The following data were extracted for each 
category: (a) author, year of publication, (b) participants, 
(c) experimental groups, (d) intervention, (e) duration/
frequency (f ) %FiO2 or % peripheral oxygen saturation 
(%SpO2), (g) health-related outcomes.

Results
Search Results
The process of identifying eligible studies is shown in 
Fig. 1. Five hundred and nine records were initially iden-
tified through the databases. One hundred and fifteen 
articles were removed for being duplicates. Of the rest of 
the identified manuscripts, 26 potentially eligible articles 
were included based on their title and abstract. After full 
text exploration, only 17 articles fulfilled the inclusion 
criteria. The characteristics of each included study are 
described in Table 1.

Risk of Bias of Included Studies
According to the Cochrane Collaboration recommenda-
tions, the results of the risk of bias assessment showed 
that 9 out of 17 articles had a low risk of bias in all 
domains. All articles had a low risk of allocation conceal-
ment and blinding of outcomes bias. Each article was 
described as randomized, but the randomization method 
was unclear for one study [32]. Two studies revealed 
high risk of blinding participants and personnel bias [33, 
34], and in two other studies, the information about the 
blinding was unclear [32, 35]. Incomplete outcome data 
were at a low risk of bias in all articles, except for two 
studies [35, 36] that were at high risk (exclusions were not 
defined from the analysis and lack of several relevant sta-
tistics). Moreover, the results for selective reporting bias 
were at high risk for four studies [37–39] (conclusions 
were only partially supported by the findings presented). 
The risk of bias assessment of all included studies is dis-
played in Table 2.

Characteristics of Studies and Interventions
Fourteen studies [29, 33, 34, 36, 37, 39–47] were classi-
fied as RCTs, one study [32] as a quasi-experimental clin-
ical trial, and two studies [35, 38] were described as pilot 
studies. Only one study [47] had a sample including 
solely males (n = 24), while the remaining investigations 
used mixed samples (n ranging 8–22 males and 4–32 
females, respectively). The duration of the interventions 
varied widely, from short-term (4–6 weeks) [29, 38, 39], 
to intermediate (8–12 weeks) [36, 37, 40, 41, 45–47] and 
long-term duration (18–24 weeks) [32–35, 42–44], with a 
frequency of 2–4 sessions per week. The duration of the 
sessions was also very wide-ranging, from 16-min per 
session [35, 42–44] up to 90–120  min per session [38, 
39, 47], and with intermediate durations of 30–60  min 
per session [29, 32–34, 36, 37, 40, 41, 45, 46]. All inter-
ventions were performed under moderate normobaric 
hypoxia, with %FiO2 ranging 13.0–16.1% or %SpO2 rang-
ing 75–85%. Among all these interventions, three stud-
ies proposed the exclusive use of passive IH [32, 35, 36], 
but the rest of the studies (n = 14) combined IH with 
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exercise training, either sequentially [38, 39] or simul-
taneously [29, 33, 34, 37, 40–47]. Six studies carried out 
resistance training programs with full-body routines (4 
to 8 exercises) within the session, which were performed 
with strength training machines [29, 38, 40, 41] or elas-
tic bands and kettlebells [33, 34]. Four studies used a sta-
ble-load, submaximal-intensity aerobic cycling training 
program [37, 39, 45, 46]. In one study [47], participants 
performed aerobic exercises and resistance exercises with 
elastic bands within the same session. Finally, in three 
studies [42–44], all conducted by the same author group, 
whole-body vibration (WBV) training was performed 
on a vibrating platform at an intensity of 12.6 Hz and an 
amplitude of 4 mm.

Effects of IH Interventions Compared with Normoxia 
on Health‑Related Outcomes
In the included studies, the different health-related out-
comes investigated included metabolic [32, 36, 37, 40, 
41, 46], body composition [29, 32, 33, 35, 37, 41, 43–47], 
blood pressure [32, 36, 37, 41, 45], bone [32, 35, 42], 
inflammatory [32, 34, 36] and hematological [29, 39] 
parameters, as well as functional fitness [29, 33, 38, 39, 
43–45, 47] or parameters related to quality of life [38, 39]. 
The main findings of the studies considered for review 
are summarized in Table 1.

Metabolic Parameters
Six of the seventeen studies evaluated metabolic parame-
ters [32, 36, 37, 40, 41, 46] such as glucose, total and HDL-
cholesterol, triglycerides, glucose transporter 4 (GLUT4), 
insulin, insulin sensitivity index and the homeostatic 

Poten�al studies iden�fied 
(n = 394)

PubMed 
(n = 377)

Duplicated (n = 115)

Full ar�cle considered
(n = 26)

Ar�cles fulfilled the 
inclusion criteria 

(n = 17)

Excluded (n = 9)
- Par�cipants with chronic diseases (n = 2)
- Not health-related outcomes (n = 2)
- Not English language (n = 2)
- Original results not available (n = 1)
- Do not meet the age criteria (n = 2)

Web of Science
(n = 132)

Records excluded on �tle 
and/or abstract (n= 368)

Fig. 1 Flowchart of the study selection
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model assessment-insulin resistance (HOMA-IR). None 
of the studies showed significantly improved values after 
an IH intervention compared to normoxia, either using a 
passive [32, 36] or active [37, 40, 41, 46] paradigm.

Body Composition
Eleven studies included body composition parameters in 
their assessments, albeit using different technologies: one 
study [37] used whole body magnetic resonance imagery 
(MRI) to determine fat and lean mass, two studies [29, 
47] applied bioelectrical impedance to assess fat mass 
and fat-free mass, two other studies [45, 46] determined 
body fat and fat-free mass by air-displacement plethys-
mography, and six studies [32, 33, 35, 41, 43, 44] used 
dual-energy X-ray absorptiometry (DXA) to determine 
lean mass, fat mass or bone mineral content (BMC), from 
the whole body or specific areas. None of the active IH 
interventions using resistance training, aerobic training 
or WBV had any added benefit on lean mass, fat mass 
or BMC compared to similar intervention in normoxia, 
with the exception of the study by Park et  al. [47] who 
observed increases in fat-free mass and decreases in 
body fat percentage. In this study, unlike all the others, 
long multimodal training sessions (90–120  min) were 
used, with a  FiO2 of 14.5%, combining aerobic exercise 
on treadmill (30 min) then on bicycle (30 min) followed 
by elastic resistance exercises (30–45 min). Regarding the 
two studies that used passive IH, only one [32] obtained 
decreases of body fat mass, without changes in body lean 

mass, after a 24-week intervention with three sessions 
per week of 45 min at  FiO2 of 16.1%.

Blood Pressure
The effect of IH on blood pressure was investigated in six 
studies [29, 32, 36, 37, 41, 45]. In general, either passive 
[i.e., over 24 weeks [32]] or active IH [i.e., 5–8 weeks of 
resistance training [29, 41] or aerobic training [37, 45]], 
did not produce greater benefit than normoxic interven-
tion on blood pressure values in healthy older adults. 
Only one study [36] using a 8-week passive hypoxia 
 (SpO2 = 75%) intervention showed a significant decrease 
in diastolic blood pressure compared to the normoxia 
intervention.

Bone Parameters
Bone mineral density (BMD) (from whole body or spe-
cific areas) was assessed in three studies [32, 35, 42], with 
additional dynamic biomarkers related to bone remode-
ling [N-terminal propeptide of type I procollagen (PINP) 
and beta C-terminal telopeptide of collagen b-CTX)] 
evaluated in one of them [32]. Two of these studies were 
carried out with passive IH interventions [32, 35], while 
the third one used active IH WBV training [42]. Eighteen 
weeks of IH WBV training (%FiO2 16.1%) did not lead to 
significant changes compared to the normoxic group in 
whole body BMD, femoral BMD and trochanter BMD 
[42]. However, passive IH sessions of 16–45  min over 
18–24 weeks at %FiO2 of 16.1% induced changes in whole 

Table 2 Risk of bias assessment of included studies

Study Random sequence Allocation 
concealment

Blinding of 
participants/
personnel

Blinding of 
outcomes

Incomplete 
outcome data

Selective 
reporting

Allsopp et al. [40] Low Low Low Low Low Low

Allsopp et al. [41] Low Low Low Low Low Low

Camacho‑Cardenosa et al. [44] Low Low Low Low Low Low

Camacho‑Cardenosa et al. [35] Low Low Unclear Low High Low

Camacho‑Cardenosa et al. [43] Low Low Low Low Low Low

Camacho‑Cardenosa et al. [42] Low Low Low Low Low Low

Chacaroun et al. [37] Low Low Low Low Low High

Chacaroun et al. [36] Low Low Low Low High High

Chobanyan‑Jürgens et al. [46] Low Low Low Low Low Low

Hein et al.  [45] Low Low Low Low Low Low

Park et al.  [47] Low Low Low Low Low Low

Schega et al. [39] Low Low Low Low Low High

Schega et al. [38] Low Low Low Low Low High

Timon et al. [32] Unclear Low Unclear Low Low Low

Timon et al. [33] Low Low High Low Low Low

Timon et al.  [34] Low Low High Low Low Low

Torpel et al. [29] Low Low Low Low Low Low
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body BMD [35] and in PINP (bone formation biomarker) 
and b-CTX (bone resorption biomarker) in sedentary 
older adults [32] compared to similar intervention in 
normoxia.

Inflammatory Biomarkers
Only three studies, using passive [32, 36] and active IH 
[34] investigated the influence of such hypoxic interven-
tion on inflammatory biomarkers. Reportedly, a 24-weeks 
IH (%FiO2 16.1%) intervention including resistance 
training with elastic bands and kettlebells did not affect 
C-reactive protein, vascular cell adhesion molecule 1, and 
interleukins 6, 8 and 10 in comparison with similar inter-
vention in normoxia [34]. Similarly, an 8-week interven-
tion of passive hypoxia  (SpO2 = 75%) also did not cause 
significant changes in C-reactive protein levels [36]. On 
the contrary, passive IH exposure at FiO2 of 16.1% (i.e., 
24 weeks) induced a decrease in C-reactive protein com-
pared to a normoxic control (i.e., no intervention) group 
[32].

Hematological Parameters
In two studies [29, 39], variations in hematological 
parameters were evaluated after 4–5 weeks of active IH in 
healthy older adults. Normobaric hypoxic dose was tai-
lored based on an  SpO2 target of 80–85% in both experi-
ments. Increases in red-blood cells, hemoglobin and 
hematocrit were observed after twelve sessions (120 min) 
that combined IH (90 min) with aerobic cycling exercise 
(30  min) [39]. However, when using resistance training 
(i.e., 20 sessions of 60  min) [29], no changes in hemo-
globin, blood volume and erythropoietin were observed.

Functional Fitness and Pulmonary Capacity
A total of eight studies [29, 33, 38, 39, 43–45, 47] eval-
uated the functional fitness of older adults. Different 
physical capacities were measured using various tests. 
One study [47] evaluated pulmonary function [i.e., 
forced vital capacity (FVC), forced expiratory volume in 
1  s  (FEV1), and maximal voluntary ventilation (MVV)] 
with a spirometer, two studies [29, 43] assessed muscle 
force parameters using an isokinetic dynamometer, three 
studies [29, 39, 45] measured maximal oxygen uptake 
 (VO2max) by respiratory gas exchange systems, and four 
studies [33, 38, 44, 47] used functional tests (i.e., senior 
fitness test, timed up and go test, one leg standing, peg-
board) and exercise strength (i.e., grip strength, crutches, 
push-ups). A 12-week IH intervention using moderate 
hypoxia  (FiO2 14.5%) with 90–120  min of multimodal 
training sessions (aerobic exercise and elastic resistance 
training) showed greater improvement in pulmonary 
capacity (FVC,  FEV1 and MVV) and functional fitness 
(i.e., chair stand, pegboard, tandem test and one leg 

standing) than normoxic training in men [47]. With the 
exception of one study [47], no studies found that active 
IH interventions, either with resistance [29, 33, 38], 
aerobic [39, 45] or WBV [43, 44] training, had an added 
positive effect on the physical fitness of healthy older 
adults compared to similar interventions performed in 
normoxia.

Quality of Life
Two studies [38, 39] evaluated the effect of IH on charac-
teristics related to quality of life and cognitive function. 
In both cases, the level of hypoxia was based on an  SpO2 
target of 80%. After a 6-week intervention with 90-min 
sessions combining passive IH (60  min) and active IH 
(30 min of strength-endurance exercises), improvements 
were only observed in attention levels and quality of sleep 
compared to the normoxic intervention, but not in speed 
of cognitive performance or on a quality of life question-
naire [38]. Similarly, after 4 weeks (3 sessions per week) 
of a combined intervention consisting of 90 min of pas-
sive IH followed by 30 min of active IH in each session, 
no changes were observed in cognitive function or in 
brain-derived neurotrophic factor (BDNF), a key mole-
cule for long-term memory and neurogenesis stimulation 
[39].

Discussion
This systematic review identified seventeen studies inves-
tigating the effects of IH on health-related parameters 
in healthy older adults in comparison with similar inter-
vention in normoxia. Three studies [32, 35, 36] proposed 
passive IH interventions, and all others used active IH 
[29, 33, 34, 37–47]. The interventions were performed 
in normobaric hypoxia—%FiO2 ranging 13.0–16.1% or 
%SpO2 ranging 75–85%—corresponding to moderate 
altitude level; reason why none of the studies reported 
any complication or serious adverse effects in the partici-
pants despite their age. The most frequently investigated 
health-related outcomes were body composition [29, 32, 
33, 35, 37, 41, 43–47], functional fitness [29, 33, 38, 39, 
43–45, 47] and blood pressure [29, 32, 36, 37, 41, 45].

Overall, the results of this systematic review indicate 
that passive or active normobaric IH would have a lim-
ited positive effect on health-related outcomes in healthy 
older adults compared to similar intervention in nor-
moxia, without any observed adverse effects in the par-
ticipants. These findings differ from two recent reviews 
[48, 49] indicating that intermittent hypoxia-hyperoxia 
protocols could be effective at the cardiovascular, meta-
bolic, and cognitive levels in an elderly population suf-
fering from various diseases. The free radical signaling 
during hypoxia-hyperoxia interventions may lead to bet-
ter induction of antioxidant synthesis than IH only [25]. 
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Moreover, patients with coronary artery diseases showed 
a greater trend of change in hematological parameters 
and an enhanced erythropoietic response than healthy 
older adults [50], which may result in a different hypox-
emic response and oxyhemoglobin dissociation curve 
between healthy and pathological older adults. Likewise, 
it was observed that HIF-1α mRNA expression after 
a 3-week intervention of passive IH (%FiO2 12%) was 
increased in pre-diabetic individuals, but not in healthy 
older adults (40–70  years old) [51]. Without consider-
ing possible effects of medication, this could explain 
the different adaptive responses to IH shown by older 
adults with or without diseases. In addition to this, previ-
ous studies concluded that low doses of hypoxia (%FiO2 
13–15%) might not be a sufficient stimulus to induce 
adaptive mechanisms [25], and it is important to note 
that most of the studies included in this review carried 
out interventions within this range.

Effects of IH on Body Composition and Metabolic 
Parameters
Only two studies [32, 47] out of eleven found an added 
effect of IH in parameters related to body composition, 
specifically a decrease in body fat mass [32, 47] and an 
increase in fat-free mass [47]. An oxygen-deprived envi-
ronment leads to a decrease in body composition with 
larger changes occurring with higher hypoxic stress 
[52]. Previous studies have concluded that IH could have 
beneficial effects on weight loss as a consequence of an 
increase in the basal metabolic rate [14] and in appe-
tite reduction as a consequence of an increase in leptin 
levels (satiety hormone) and a decrease in ghrelin levels 
(hunger-stimulating hormone) [53]. Likewise, the carotid 
body chemo-receptors under hypoxic exposure stimulate 
ventilation and lead to sympathetic activation increasing 
metabolic demands [54]. However, in most of the stud-
ies included in this systematic review no changes were 
found. The magnitude of changes in body composition 
depend on various factors, such as the type of interven-
tion [55], the severity of hypoxic dose (i.e., %FiO2 and 
duration) [52], the level of physical activity and the nutri-
tional intake of the participants [56], in addition to the 
individual adaptive response [52]. These issues have not 
been carefully reported or controlled in any of the above-
mentioned studies, suggesting their possible influence.

Regarding metabolic parameters, none of the five stud-
ies that investigated these variables revealed significant 
differences between either passive [32, 36] or active [37, 
40, 41, 46] IH and similar intervention in normoxia. 
Given the fact that the participants included in those 
experiments had healthy normative values for metabolic 
parameters, it is plausible that IH did not affect them. 

Illustratively, when pre-diabetics and healthy older adults 
followed a 3-week passive IH intervention, only the pre-
diabetic individuals reported significant reductions in 
fasting glucose [51]. This may indicate that molecular 
regulation of glucose and lipid metabolism, as well as 
mitochondrial function and the physiological mechanism 
underlying the beneficial effects of IH, would be different 
in older adults with or without diseases. Additionally, our 
results also suggest that active IH does not lead to major 
additional effects on metabolic parameters. Presumably, 
in a group of untrained older individuals, adaptations to 
the delivery, transport, and intramyocellular metabolism 
of glucose and insulin signaling pathway may be suffi-
ciently large with exercise training in normoxia [46].

Effects of IH on Blood Pressure and Hematological 
Parameters
Blood pressure has been one of the most studied health-
related outcomes among the studies included in this 
review. While IH has been demonstrated to provide 
beneficial effects on the blood pressure of hypertensive 
[57] and obese [58] individuals, mainly due to vasodi-
lation of the arteries and a decrease in arterial stiffness 
concomitant with an increase in nitric oxide [59], none 
of the studies included in this review observed significant 
changes of systolic blood pressure in healthy older adults 
[29, 32, 36, 37, 41, 45]. Only one study from this review 
[36] showed a significant decrease of diastolic blood 
pressure in overweight individuals after an 8-week pas-
sive hypoxia intervention (three 1-h sessions per week) 
compared to normoxia. The severity of the hypoxic dose 
used in this study  (SpO2 = 75%) could have played an 
important role in lowering diastolic blood pressure. In 
this vein, hypoxic dose was shown to be a determining 
factor in achieving beneficial effects with IH, when %FiO2 
ranged between 10 and 12% [25, 27]. Additionally, the 
fact that some older adults might be resistant to exercise-
induced blood pressure reduction [60] can also influence 
the results obtained after an IH intervention.

Regarding hematological parameters, contradictory 
results were presented in the only two studies avail-
able: the first of these found increases in red-blood cells, 
hemoglobin and hematocrit after 12 sessions (3 sessions 
per week) of 120  min of IH [39], while the most recent 
one found no added effect of IH (i.e., 5 weeks, 4 sessions 
per week, 60 min of resistance training) on hemoglobin, 
erythropoietin and blood volume [29]. It is noteworthy 
that, in the absence of total hemoglobin mass  (tHbmass) 
measurement, the changes in hematological param-
eters must be interpreted with caution, as the increases 
reported could be the consequence of diuresis and 
plasma volume reduction. Previous studies have con-
cluded that changes in hematological parameters will 
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depend on both the total duration of the intervention and 
the session time [61]. In this vein, Gore et al. [62] stated 
that  tHbmass increases by 1.1% per 100 h of hypoxic expo-
sure. On the other hand, not all participants could be 
considered ‘good’ responders, due to the large individual 
variability in the erythropoietic response to hypoxia [63].

Effects of IH on Bone Parameters
Three studies focused on bone parameters [32, 35, 42]. 
In the analysis of bone health, it is recommended to use 
both static biomarkers [bone mineral content (BMC) and 
bone mineral density (BMD)], which provide information 
on long-term adaptations, and dynamic bone remod-
eling biomarkers [beta C-terminal telopeptide of collagen 
(b-CTX) and N-terminal propeptide of type I procollagen 
(PINP)] that are related to the rate of bone turnover and 
short-term adaptations [64]. In connection with BMD, 
only one study [35] observed significant improvements in 
whole body BMD, but not in femoral or trochanter BMD 
after 18  weeks of passive IH (%FiO2 16.1%, two weekly 
16-min sessions) in comparison with similar intervention 
in normoxia. However, these results must be interpreted 
with caution since an unclear risk of bias of blinding of 
participants and incomplete outcome data were detected 
in this study, in addition to the fact that the sample size 
was very small (n = 5 in the hypoxic group). In the other 
two studies, no change in whole body BMD was observed 
after 18 weeks of active IH (%FiO2 16.1%) combined with 
WBV [42] or after 24 weeks of passive IH (%FiO2 16.1%, 
three weekly 45-min sessions) [32]. In fact, previous sci-
entific literature has stated that alterations in bone mass 
in the elderly require long-term physical exercise pro-
grams maintained over time [65], in addition to appro-
priate nutritional intake containing a good supply of 
proteins, minerals and vitamin D [66]. However, Timon 
et  al. [32] observed both a significant increase of PINP 
(bone formation biomarker) and a significant decrease 
of b-CTX (bone resorption biomarker) after 24 weeks of 
passive IH intervention compared to normoxic interven-
tion. The upregulation of HIF-1α that occurs under IH 
could activate different genes involved in bone remod-
eling, such as vascular endothelial growth factor (VEGF), 
erythropoietin and osteoprotegerin [67]. Likewise, IH 
could modulate the mesenchymal stem cells differentia-
tion leading to a possible inhibition of bone resorption by 
increasing the osteoprotegerin/receptor activator [35].

Effects of IH on Inflammatory Biomarkers
The influence of IH on inflammatory parameters has 
been scarcely investigated. To date, a 24-week interven-
tion of passive IH exposure (%FiO2 16.1%) produced a 
decrease in C-reactive protein levels compared to a con-
trol group, with no changes in IL-8 and IL-10 levels [32]. 

However, in another study [36] included in this review, 
no change in C-reactive protein levels was observed 
after an 8-week intervention of passive hypoxia. Previous 
studies have suggested that IH protocols could exert an 
anti-inflammatory and tissue-protective effects [68, 69], 
notably via the suppression of pro-inflammatory media-
tors such as TNF-α and IL-4 [70] and contribution to the 
production of anti-inflammatory interleukins by B cells 
[71]. However, when using active IH, such as resistance 
training with elastic bands during a 24-week interven-
tion [34], no additive effect on inflammatory biomark-
ers was observed. It has been stated that the myokines 
produced during normoxic exercise have a long-term 
positive anti-inflammatory effect in older people [72, 73]. 
Supposedly, the anti-inflammatory role of exercise could 
mask the beneficial effect of the IH without any observed 
added effect on inflammatory parameters. Nonetheless, 
more evidence is needed to confirm the potential anti-
inflammatory effect that passive or active IH could have 
on healthy older adults.

Effects of IH on Functional Fitness, Pulmonary Capacity, 
and Quality of Life
Eight studies evaluated physical fitness [29, 33, 38, 39, 
43–45, 47], but only one of them [47] observed improve-
ments in pulmonary capacity (FVC,  FEV1 and MVV) and 
functional fitness (i.e., chair stand, pegboard, tandem test 
and one leg standing) in healthy older individuals when 
IH intervention was compared with normoxia. Park et al. 
[47] stated that this improvement was due to the greater 
aerobic and anaerobic exercise capacity and muscular 
function required by IH training vs. normoxic training. 
However, and despite the fact that some other studies 
have shown that IH could be beneficial for improving 
health-related fitness in healthy older adults [28] (albeit 
in the absence of comparison with a normoxic train-
ing group in this study) or those with cardiopathologies 
[50], the majority of the active IH experiments that used 
either resistance exercises [29, 33, 38], aerobic exer-
cise [39, 45] or WBV [43, 44], indicated that the poten-
tial improvement obtained was not significantly greater 
than when using normoxic training. These contradictory 
findings may be explained by some methodological dif-
ferences (i.e., design of the training program, hypoxic 
dose). Unlike the other interventions, Park et al. [47] used 
a multimodal training program that combined aerobic 
work (treadmill and bicycle) with full-body muscular 
resistance training within the same session. This type of 
intervention has been shown to be very useful in older 
populations, both in normoxic [4, 74] and in hypoxic-
hyperoxic conditions [75], to maintain or improve their 
physical and functional capacity. Additionally, it should 
be noted that the intensity of exercise used in this study 
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was moderate-to-high, both in aerobic exercises (60–70% 
of maximal heart rate) and in resistance exercises (rating 
of perceived exertion-RPE of 6–7 out of 10). As suggested 
in previous studies [29, 76], low-to-moderate intensity or 
load may not be optimal to elicit molecular and structural 
adaptation. Nonetheless, similar absolute exercise inten-
sity (e.g., exercising at 100W) implies a higher relative 
workload when training in hypoxia than in normoxia, 
leading to greater physiological and perceptual responses 
[77, 78]. This variable should also be taken into account 
when analyzing the heterogeneous results of the studies, 
since some research has reported that if training in nor-
moxia is carried out at the same workload as in hypoxia, 
no significant effects are observed [79].

Finally, It is also noteworthy that the hypoxic dose used 
by Park et al. [47] represents the highest training volume 
of all the included studies (36 sessions, 3 sessions per 
week, 90–120 min, %FiO2 14.5%), which would indicate 
that long-term intervention of moderate IH and higher 
number of sessions could lead to greater benefits for 
functional fitness in the elderly.

Concerning quality of life and cognitive function, the 
results obtained are limited. Only two studies conducted 
by Schega et  al. [38, 39] analyzed parameters related to 
these health-related outcomes. It was observed that 
6 weeks (3 sessions per week) of 60-min passive IH fol-
lowed by 30-min active IH (full-body resistance exercises 
at  SpO2 of 80%) caused a positive added effect on atten-
tion and sleep quality compared with normoxic interven-
tion, but not on the speed of cognitive performance or 
the mental component related to quality of life [38]. Like-
wise, 4  weeks (3 sessions/week) of passive IH (90  min) 
followed by 30 min of active IH (aerobic exercise on bicy-
cle at  SpO2 = 80%) also did not lead to any added benefit 
on cognitive function [39]. A recent systematic review 
has claimed that moderate hypoxia (depending on the 
type, severity, exposure duration and frequency) could 
have potential therapeutic applications for neurodegen-
erative diseases, such as mild cognitive impairments or 
dementia [6]. However, Schega et al. [38] indicate that the 
training effects of physical activity seem to outweigh the 
effect of IH which explains the ineffectiveness of IH on 
quality of life and cognitive performance in healthy older 
adults. More research is warranted to confirm this specu-
lative hypothesis.

Limitations
This systematic review is not without limitations. Firstly, 
only full articles written in English were reviewed, and 
two articles were not included in the review because they 
were written in Russian. Secondly, although most of the 
included studies (9 of 17) had a low risk of bias, several 
studies had a high risk or unclear risk of bias in some of 

the domains analyzed according to the Cochrane Collab-
oration recommendations. Thirdly, the included studies 
did not differentiate men and women, and a possible sex-
related effect may have influenced the results. Fourthly, 
no studies concerning hypobaric hypoxia were included 
in this review, which may lead to different physiological 
responses than normobaric hypoxia. Finally, a meta-anal-
ysis could not be performed because the included studies 
presented a high diversity of interventions and great het-
erogeneity in health-related outcomes.

Conclusions
IH has been suggested as potentially useful in older 
pathological individuals. However, this systematic review 
indicates that passive and active moderate IH had a lim-
ited effect on health-related outcomes in healthy older 
adults, compared to similar intervention in normoxia. 
No clear benefit has been evidenced on cardio-metabolic, 
inflammatory, hematological, and cognitive parameters, 
or on BMD, BMC, and lean mass, with the magnitude of 
changes dependent on the type of intervention and the 
hypoxic dose’s severity among others. Only in specific 
settings (i.e., intermediate- or long-term interventions 
with high intensity/volume training sessions repeated at 
least 3  days per week under moderate-to-high hypoxic 
stress), may IH elicit optimal HIF-1α upregulation and 
consequent molecular and structural adaptations. In 
such conditions, some putative effect has been observed 
on functional fitness and fat mass loss. Nevertheless, 
more research is needed to determine the dose–response 
of passive/active IH in healthy older adults, especially to 
elucidate which factors are more decisive in explaining 
the individual variability of the response to IH.
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