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Objective: Fat loss theory under various oxygen conditions has been disputed,
and relevant systematic review studies are limited. This study is a systematic
review and meta-analysis to assess whether hypoxic exercise training (HET)
leads to superior fat-reducing compared with normoxic exercise training (NET).

Methods: We searched PubMed, Web of Science, CNKI, ProQuest, Google
Scholar, Cochrane Library, and EBSCOhost from inception to June 2022 for
articles comparing the effects of hypoxic and normoxic exercise on body
composition indicators, glycometabolism, and lipometabolism indicators in
obese and overweight adults. Only randomized controlled trials (RCTs) were
included. The effect sizes were expressed as standardized mean difference
(SMD) and 95% confidence intervals (Cl). Between-study heterogeneity was
examined using the I test and evaluated publication bias via Egger’s regression
test. The risk of bias assessment was performed for each included trial using
Cochrane Evaluation Tool second generation. The meta-analysis was
performed by using R 4.1.3 and RevMan 5.3 analytic tools.

Results: A total of 19 RCTs with 444 subjects were analyzed according to the
inclusion and exclusion criteria. Among them, there were 14 English literature
and five Chinese literature. No significant difference in body composition (SMD
-0.10, 95% CI -0.20 to -0.01), glycometabolism and lipid metabolism (SMD
-0.01, 95% CI -0.13 to -0.10) has been observed when comparing the HET and
NET groups. We only found low heterogeneity among trials assessing
glycometabolism and lipometabolism (¥ = 20%, p = 0.09), and no
publication bias was detected.

Conclusion: The effects of HET and NET on fat loss in overweight or obese
people are the same. The application and promotion of HET for fat reduction
need further exploration.
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Introduction

Obesity has gradually become a global public health issue and
a leading cause of death in most countries’ populations.
According to the World Health Organization (WHO, 2020),
the global prevalence of obesity had nearly tripled since 1975.
Obesity is normally accompanied by the development of
metabolic disorders such as insulin resistance, type II diabetes,
and cardiovascular disease, which all have severe health effects
for humans (Engin, 2017). In 2016, 39% of adults were
overweight, and 13% were obese (WHO, 2020). As of 2017,
nearly four million people die yearly due to obesity or overweight
(WHO, 2020).

Obese people are more likely to have dyslipidemia (Gardner
and Poehlman, 1995; Lu et al., 2008; Meyer et al., 2012). The type
of dyslipidemia arising from the concerted action of obesity has
been identified as “related metabolic dyslipidemia,” which is a
clinical sign of elevated total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), and reduced high-
density lipoprotein cholesterol (HDL-C) in human blood (Su
etal., 2021). Lipid metabolism reflects the metabolism of body fat
and, to a certain extent, the risk of associated diseases (Lacour,
2001). body fat
consumption and reduces cardiovascular risk in overweight

Correction of dyslipidemia promotes

and obese people (Kopin and Lowenstein, 2017; Vekic et al.,
2019). Therefore, we need to focus on encouraging obese
individuals to lose weight and correcting abnormalities in
lipid metabolism.

Dietary intervention, exercise intervention, and medication
intervention, among other things, are effective fat removal
strategies (Hao et al, 2021). In terms of long-term fat

diet
al,,

reduction, exercise intervention outperforms and

(Maillard et 2018).
Traditional fat reduction workouts performed under normoxia

pharmaceutical ~ interventions
efficiently lower extra body fat in obese patients. For example,
moderate-intensity continuous training effectively boosts fat-
burning capacity, improves body glycolipid levels, and
enhances aerobic fitness (Rugbeer et al., 2021). High-intensity
interval training can enhance aerobic capacity and insulin
sensitivity, decrease blood glucose, promote adipose tissue
breakdown, improve vascular endothelial
(Batacan et al, 2017; Ryan et al., 2020). Sustained physical
exercise decreases TC, TG, and LDL-C levels while increasing
HDL-C levels (Burgomaster et al., 2008; Moholdt et al., 2012).

Hypoxia is a decrease in oxygen delivery to the body’s tissues

and function

caused by a fall in arterial blood oxygen saturation (Heinonen
et al, 2016). Hypoxia and exercise synergistically affect lipid
metabolism (Vogt et al., 2001). Hypoxia activates the peroxisome
proliferator-activated receptor y (PPARy) and peroxisome
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proliferator-activated receptor -y co-activator la (PGCl1) (Zoll
et al,, 2003), which play an essential role in mediating the
adaptive regulation of muscle fatty acid oxidation (Gilde and
Van Bilsen, 2003). Similarly, active or passive hypoxia prevents
obesity by activating the hypoxia-inducible factor (HIF) to
maintain body mass and glucose homeostasis (Gaspar and
Velloso, 2018). Reportedly, tissue hypoxia stimulates the
production of HIF-1 (Vogt et al, 2001), improves glucose
absorption and transport, enhances glycolysis, and accelerates
lactate production, thereby increasing the efficiency of oxygen
transport (Wenger, 2002) and ATP synthesis (Zoll et al., 2006).
In addition, hypoxia increases blood serotonin levels in humans
and rats (Urdampilleta et al., 2012). Serotonin regulates appetite,
and rats show an anorexic response to serotonin administration
(Urdampilleta et al., 2012). Long-term residents of high altitudes
have appetite suppression and reduced body mass (Hill et al.,
2011). Thus, a hypoxic environment may lead to a reduction in
appetite in humans, which in turn may improve body mass loss.

Hypoxic exercise training (HET) is a method of exercise and
fitness in a naturally occurring or artificially simulated plateau
where the body is below normal oxygen conditions (Weng et al.,
2006). An artificial hypoxic environment mainly includes a
“hypoxic chamber” and a “hypoxic generator (Giirpinar O
et al., 2018).” The hypoxic generator produces an absolute low
partial pressure of oxygen by wearing a respiratory mask for the
body to inhale hypoxia, resulting in a moderate hypoxic
environment in the body (Hamlin et al., 2018). This hypoxic
environment causes a series of anti-hypoxic physiological and
biochemical reactions in the human body, affecting several
physical signs (Wheelock et al, 2020). Studies have shown
that exercising in hypoxic conditions helps alleviate a variety
of cardiovascular, metabolic, and pulmonary illnesses, including
obesity (Camacho-Cardenosa et al., 2018; Camacho-Cardenosa
et al,, 2019). Some studies claim that overweight or obese adults
who perform HET experience more significant weight loss and
greater improvements in body composition than those who
perform normoxic exercise training (NET) (Kong et al., 2014;
Park et al,, 2019), whereas others found the opposite (Gatterer
et al., 2015; Gonzalez-Muniesa et al., 2015). In another study
(Netzer et al., 2008), the heart rate during exercise was same in
the HET and NET groups (150 #+ 5.3 beats/min vs.150 *
4.6 beats/min), but the exercise load was significantly lower in
the HET group than in the NET group (1.39 + 0.20 w/kg vs.1.67 +
0.15 w/kg, p < 0.001). At the same metabolic level, it is obvious
that the subjects had to perform the exercise at a significantly
lower intensity in hypoxic conditions than in normoxic
conditions (Girard et al.,, 2017). In brief, hypoxia allows obese
patients to achieve higher metabolic demands. At the same time,
lower exercise intensity may also have a protective effect on the
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muscles/joints of obesity with orthopedic co-morbidities
(Wiesner et al., 2010).

Previous literature reviews have critically examined the
research potential of HET as an intervention for reducing
body fat and cardiovascular health (Quintero et al, 2010;
Kayser and Verges, 2013; Montero and Lundby, 2016; Girard
etal., 2017; Hobbins et al., 2017; Camacho-Cardenosa et al., 2019;
Diinnwald et al., 2019; Ramos-Campo et al., 2019; Kayser and
Verges, 2021). Only five of them were systematic reviews. The
research population for the systematic review by Montero and
Lundby (2016) focused on the effects of exercise under hypoxic
conditions on vascular health and was not overweight or obese.
The systematic review by Hobbins et al. (2017) included both
animal and human trials, and data from the included studies were
not integrated and statistically analyzed to determine the
intervention effects of hypoxic exercise on outcome indicators.
The systematic review of (Camacho-Cardenosa et al. (2019)
included only five studies and the conclusions obtained may
be highly heterogeneous. The systematic review of Ramos-
Campo et al. (2019) did not restrict the age of the subjects
included in the study, and the age range may also induce bias into
the study results. The systematic review by Diinnwald et al.
(2019) studied the regular exercise population, but our review
was conducted on a sedentary population. Accordingly, the
purpose of this study was to systematically review and meta-
analyze the differences in the effects of HET and NET on fat loss
in overweight and obese individuals in order to determine
whether exercise under hypoxic conditions can further
contribute to fat loss and improved lipid metabolism levels.

Methods

The review is reported according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines (Page et al., 2021).

Search strategy

We performed a literature search using online databases such
as PubMed, Web of Science, CNKI, ProQuest, Google Scholar,
Cochrane Library, and EBSCOhost for relevant publications up
to 9 June 2022. We used the standard Boolean operators (AND,
OR) to concatenate search terms. The following combination of
terms was used: “hypoxia” or “altitude” or “oxygen deficiency” or
hypoxic exercise training” or “normoxia” or “normoxic exercise
training.” The Boolean operator “AND” was used to combine
these descriptors with “obesity” or “overweight,” “fat loss,” or
“sedentary adults.” We also searched the aforementioned
databases  for  systematic  reviews and  manually
verified reference lists to identify studies that could have been

omitted.
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Studies selection

The retrieved literature was imported into the reference
management software EndNote. Duplicate publications were
removed. The first round of preselection was based on the
title and abstract. Those with incompatible topics were
removed. The full text was downloaded and examined for the
second preselection round to determine whether it met the
(SC and XL)
independently conducted the database searches to find

inclusion criteria. Two  investigators
relevant publications. When conflicts occurred, a group

discussion was held with a third investigator (QL).

Inclusion criteria

Inclusion criteria followed the PICOS principles
(i.e, population, intervention, comparison, outcome, and
study design): 1) Participants were overweight or obese adults
(18 years old), with criteria for diagnosing overweight (Body
Mass Index >25kg/m®) or/and obesity (all obesity categories;
Body Mass Index >30kg/m*) based on World Health
Organization (WHO, 2020), and no physical restrictions or
health conditions that would preclude evaluation and exercise
intervention; 2) Studies that used a randomized controlled trial
(RCT) design; 3) The original study article had to perform the
exercise intervention under (normoxic or hypobaric) hypoxic
condition; 4) The control group performed the same exercise as
the intervention group under normoxic conditions (FiO, = 0.21);
5) Outcome indicators were body mass (BM), body mass index
(BMI), body fat percentage (BFR), fat body mass (FBM), waist
circumference (WC), hip circumference (HC), waist-to-hip ratio
(WHR), TC, TG, HDL-C, LDL-C, Glucose, and Insulin.

Exclusion criteria

Studies that met these criteria were excluded: 1) Conference
abstracts, dissertations, case reports, and animal experiments; 2)
Participants who exercised frequently before the intervention; 3)
Participants who were generally unable to exercise due to various
diseases; 4) Inadequate data, with only a sub-set of data available
before and after the intervention; 5) Repeatedly published
studies; 6) Not English or Chinese studies.

Data extraction

The extracted content primarily included the first author of
the literature, the year of publication, the sample size, the gender
and age of the subjects, the training details (intervention period,
frequency, length, and intensity), the hypoxic condition, the type
of hypoxia, and outcome indicators (Table 1). Information that
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TABLE 1 Main characteristics of studies included in the meta-analysis.

Study

Camacho-
Cardenosa,
A2018

Camacho-
Cardenosa,
A2018*

Chacaroun,
S$,2020

Fernandez,
M,2018

Gatterer,
H,2015

Gonzalez-
Muniesa,
P,2015

Hobbins,
L,2021

Jung, K,2020

Klug, L,2018

Kong, Z,2014

Kong, Z,2017

Morishima,
T,2014
Nishiwaki,
M,2016

Participants characteristics

Participants
(M/F)
HET NET
15 18
(0/15)  (0/18)
13 15
(0/13)  (0/15)
12 11
(11/1) (8/3)
12 11
(2/10)  (2/9)
16 16
(4/12)  (6/10)
14 12
(14/0)  (12/0)
8 (4/4) 8 (5/3)
12 10
(0/12)  (0/10)
12 11
(12/0)  (11/0)
10 8 (5/3)
(5/5)
11 13
9 (9/0) 11
(11/0)
7.(0/7) 7 (0/7)

Age

HET

37.40 £
10.25

4443 +
7.18

52 + 12

348 +
47

50.3 +
10.3

25-50

32.1 £
10.2

472 £
6.4

57.6 £
2.2

19.8 +
22

18-30
30+2

56 £ 1

NET

40.05 +
8.66

43.14
7.67

322 +
8.4

524 +
7.9

25-50

41.1 £
13.0

438 +
8.6

55.0 £
2.1

223 £
1.7

BMI/
BFR

>25 kg/m?

>25 kg/m?

> 27 kg/m®
>30 kg/m®

>30 kg/m’

>30 kg/m®

27-35 kg/

m?

>25 kg/m®

>305 kg/m*

>27.5 kg/m*

258 +
2.3 kg/m’

>25 kg/m’

>24 kg/m’

Intervention

Duration Frequency

12 weeks

12 weeks

8 weeks

3 weeks

8 m

13 weeks

2 weeks

12 weeks

6 weeks

4 weeks

5 weeks

4 weeks

8 weeks

3 days/wk

3 days/wk

3 days/wk

2 days/wk

2 days/wk

4 days/wk

4~5 days/wk

3 days/wk

3~4 days/wk

4 days/wk

3 days/wk

4 days/wk

Type/
modality

Repeated-
sprint training;
cycling

IT, cycling

Endurance;
cycling
Endurance;
walking
Endurance;
cycling

Endurance/
Strength;
cycling

IT; walking

Endurance;
Pilates

Endurance;
running

Endurance/
Strength;
cycling,
running,
stepping

IT; cycling

Endurance;
cycling

Endurance;
aquatics

Exercise
intensity

Exercise: (130% Wmax;
30 s); Active recovery:
(55-65% Wmax; 3 min)
Exercise: (90% Wmax;
3 min); Active recovery:
(55-65% Wmax; 3 min)
75% (£2%) HRmax;
45 min

six different speeds;

60 min

65-70% HRmax;
90 min

No mention; 1 h

self-paced,60min
75% HRmax; 50 min

50-60% HRmax;
60 min

60-70% HRmax;

1 h.40-50% maximal
strength, three sets of
15-20 RM with

2-3 min of rest between
sets

8-s maximum;
60 repetitions

559%VOmag 60 min

50% VOsmax 0.5 h

Hypoxic
condition

FiO, = 17.2%

FiO, = 17.2%

FiO, = 13%
FiO, = 14.5%

Exercise: FiO, = 14.0 +
0.2%; Rest: FiO, =
12.2 £ 0.3%

FiO, = 16.7%-13.7%
FiO, = 13.0%
FiO, = 14.5%

FiO, = 15%

FiO, = 16.4%-14.5%

FiO, = 15%
FiO, = 15%

Simulation of 2000 m
altitude
(6001-6038 mmHg)

Type
of
hypoxia

Normobaric

Normobaric

Normobaric
Normobaric

Normobaric

Normobaric

Normobaric
Normobaric

Normobaric

Normobaric

Normobaric
Normobaric

Normobaric

Outcome

WC, HC, WHR, BFR,TG, TC,
Glucose

WC, HC, WHR, BFR,TG, TC,
Glucose

FBM, BMI, WC, HC, Glucose,
Insulin

BM, BMLEBM, TC,TG,HDL-
C,LDL-C, Glucose, Insulin

BM, BMI, WC, HC, WHR, BFR, TG,
TC, HDL-C, Glucose

BM, BMI, WC, HC, WHR, BFR, TG,
TC, LDL-C, HDL-C

BM, BMI

BM, BMI, BFR, TG, TC, LDL-
C,HDL-C, Glucose, Insulin

BM, BMI,
WCHC,WHR,BFR,TG,HDL-
C,LDL-C, Glucose, Insulin

BM, FBM, BMI, WHR

BM, BMI, FBM,BFR,TC,TG,HDL-
C,LDL-C

BM, FBM, BMI, BFR, TG, TC, LDL-
C,HDL-C, Glucose, Insulin

BM, BMI,BFR,Glucose

(Continued on following page)
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TABLE 1 (Continued) Main characteristics of studies included in the meta-analysis.

Study Participants characteristics Intervention
Participants  Age BMI/ Duration Frequency Type/ Exercise Hypoxic Type Outcome
(M/F) BFR modality intensity condition of
hypoxia
HET NET HET NET
Park, H,2019 12 12 6650 £  66.50 +  >25 kg/m’ 12 weeks 3 days/wk Endurance/ 60-70% HRmax; FiO, = 14.5% Normobaric ~ BM, BFR, TG, TC, LDL-C,HDL-C
(12/0) (12/0) 0.90 0.67 Strength; 90 min-100 min
cycling,
running
Wang, 11 7 (4/3) 195+ 224 * H:34.62 + 4 weeks 6 days/wk Endurance/ M:100W, F:75 W; 4 h FiO, = 15.4%-14.8% Normobaric ~ BM,
N,2012 (6/5) 1.64 2.07 5.05 kg/m? Strength; FBM,BFR,WC,BMLTC,TG,HDL-
N:35.19 + cycling, C,LDL-C
5.07 kg/m? running
Wiesner, 24 21 422 + 42.1 + H:33.1 + 4 weeks 3 days/wk Endurance, 65% VO3max60 min FiO, = 15% Normobaric ~ LDL-C, BFR, WC, Insulin
$,2010 (10/14)  (8/13) 12 1.7 0.3 kg/m*> N: running
325+
0.8 kg/m’
Yang, X,2014 10 8 (8/0) 2250+ 2213+  >25kg/m’ 4 weeks 5 days/wk Endurance; HR:140-150 beats/ FiO, = 15.4% Normobaric ~ BM, FBM, BMI, WHR, BFR, TG,
(10/0) 1.27 217 cycling, min; 1 h TC, LDL-C,HDL-C
running
Zhang, 20 20 2234 + 21.87 + >25 kg/m? 1m 5 days/wk Endurance; 65% V0512 60 min FiO, = 15% Normobaric ~ BM, FBM, BMI, BFR, TG, TC, LDL-
N,2019 (20/0) (20/0) 2.15 231 cycling C, HDL-C
Zhao, $,2016 9 9 18.08 + 18.24 + >30 kg/m’ 8 weeks 5 days/wk Endurance; 65-75%V02max FiO, = 14.7% Normobaric  BM, BFR
1.79 223 cycling
Zheng, 10 10 19.60 + 1938+  >28% 6 weeks 3 days/wk IT; cycling Exercise: (64-76% FiO, = 14.0 + 0.2% Normobaric ~ BM, FBM, BMI, BFR
B,2020 (0/10) (0/10) 1.26 0.74 HRmax; 10 min);

Intervals: 3 min

Data are presented as mean or range. An article presented separate study groups distinguished by the presence or absence of a.
M, male; F, female; wk, weeks; d, day; FiO,, the fraction of inspired oxygen; IT, interval training; HR, heart rate; RM, repetition maximum; VO, .y, maximal oxygen consumption; BM, body mass; BMI, body mass index; BFR, body fat rate; FBM, fat body

mass; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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was not accessible in the full text had partial data or was
ambiguously contacted via email or other means to the
authors, and if no answer was received, it was not included in
the literature. If the standard deviation was not expressly stated in
the text, it was calculated using the following formula (Higgins
JPT et al., 2022):

\/SDpre2 + SDpost? — 2 x Corr (pre, post) x SDpre x SDpost

SDpre is the pre-intervention SD, SDpost is the post-
intervention SD, and Corr (pre, post) is the within-participant
correlation coefficient, with the within-participant correlation set
to 0.5 if no correlation is reported.

Quality assessment

The included studies were assessed separately using the Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2) (Higgins
JPT et al., 2022) in terms of the risk of bias from the randomization
process, the impact of intervention assignment, the risk of bias due to
missing outcome data, the risk of bias in outcome measures, the five
major components, and the overall evaluation of the articles.

Data synthesis and statistical analysis

1) The collected trials were meta-analyzed using R (RStudio
V4.13, Boston, MA, United States) and RevMan (RevMan 5.3,
Cochrane Collaboration, Oxford, United Kingdom) analytic
tools, and all experimental data were continuous variables.
The units of measurement for the outcome indicators were
different, so standardized mean difference (SMD) effect scales
and 95% confidence interval (CI) were utilized for statistical
purposes.

2) I? was used to assess the heterogeneity of a study. When I’ =0,
there was no heterogeneity among the included trials, and a
fixed-effects model was used for analysis. When I > 40%,
there was a significant probability of heterogeneity, and a
random-effects model was used for analysis, along with a
sensitivity analysis to eliminate the test for high heterogeneity.
When the
determining the cause was problematic, descriptive analysis

heterogeneity was too tremendous and
was performed.

3) Assessment of potential modifiers (the age of participants, the
duration of the exercise intervention, the frequency of the
intervention, and the level of hypoxia) of body composition
indicators, glycometabolism, and lipometabolism indicators
through subgroup analysis. Sensitivity analysis was done to
investigate the sources of heterogeneity and assess the results’
stability by removing each test individually.

4) We evaluated publication bias using Egger’s regression test

(Egger et al., 1997). When the sample size of the included
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literature was less than 15, publication bias testing was not
necessary because of the small sample size and low test power
(Cumpston et al., 2019).

5) If p< 0.05, it is considered a significant difference.

Results
Study selection and characteristics

The original literature search yielded 2,104 studies, of which
2082 were written in English and 22 were written in Chinese.
After deleting duplicates with Endnote software and reviewing
the titles and abstracts of the literature for initial screening,
486 studies were collected, of which 23 were discarded due to the
lack of full text. Four hundred forty-four were excluded after
reading the full text of the remaining 463 studies, and 19 RCTs
were finally included, including 14 English and five Chinese
studies (Wiesner et al., 2010; Wang et al., 2012; Kong et al., 2014;
Morishima et al., 2014; Yang et al., 2014; Gatterer et al.,, 2015;
Gonzalez-Muniesa et al., 2015; Nishiwaki et al., 2016; Zhao and
Shi, 2016; Kong et al., 2017; Camacho-Cardenosa et al., 2018;
Ferndndez Menéndez et al., 2018; Klug et al.,, 2018; Park et al,,
2019; Zhang, 2019; Chacaroun et al,, 2020; Jung et al., 2020;
Zheng et al., 2020; Hobbins et al., 2021). Figure 1 depicts the
procedure for incorporating the literature.

Table 1 contains the essential information on 19 studies,
one of which incorporated two types of HET (Camacho-
Cardenosa etal., 2018); hence the study was included twice. A
total of 444 subjects were included in the study, all of whom
were overweight or obese adults (aged 18-66 years) without
metabolic diseases such as heart disease or type II diabetes.
Six studies contained only male subjects, four studies
contained only female subjects, seven studies contained
both male and female subjects, and two studies did not
specify the gender of the subjects in the text. The exercise
mode was identical between the HET and NET groups, with
11 studies involving continuous aerobic exercise, primarily
jogging, cycling, and aerobic exercise, with an average
duration of more than 20 min per exercise session; four
studies involving intermittent exercise, with three studies
involving high-intensity interval exercise, and one study
involving moderate-intensity interval exercise. The four
studies used a combination of aerobic and strength
training. The FiO, of the HET group ranged from 13% to
17.2%, whereas the NET group was exposed to normal
atmospheric conditions (FiO, = 21%).

Risk-of-bias assessment

Among the 19 included studies, 18 were considered bias-free
overall, while one was determined to be high-risk overall because
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outcomes.

randomization grouping was not specified in the text. Figure 2
provides further details. Regarding blinded assessment, one study
utilized the double-blinded approach, six used the single-blinded
method, while the remaining 12 did not accomplish experimental
implementer and participant blinded evaluation. The remaining
12 research was not blinded to participants or personal
information, and the outcome indicators of six of these
studies may have been impacted due to the absence of
blinding, putting these six studies at risk. In contrast, the
remaining 13 studies were at low risk.

Publication bias

Funnel plot analysis of body composition outcomes
showed slight asymmetry but Egger’s regression test did
not reach statistical significance (p = 0.6672; see Figure 3).
Also, the funnel plot of glycometabolism and lipometabolism
outcomes showed reasonable symmetry and Egger’s
test did not reach statistical significance (p = 0.9647; see

Figure 4).
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Hypoxia Normoxia Standardised Mean
Study Total Mean  SD Total Mean  SD Difference SMD 95%Cl Weight
Femandez, M, 2018 12 050 965 11 040 997 4— 001 [083 081  14%
GattererH, 2015 16 330 2041 16 290 1467 - 002 [071:067]  19%
Gonzalez-Muniesa P, 2015 W61 M2 12 590 952 — 002 [079 075  16%
Hobbins.L. 2021 8 050 1.9 8 000 976 —— 004 [1.02 094  10%
Jung K, 2020 12 000 1081 10 050 1126 —— 004 [080: 088  13%
Kiug L, 2018 12 450 1819 11 230 1048 — 005 077 087)  14%
Kong.Z, 2014 10 700 1875 8 430 2445 N 012 [-1.05; 0.81) 11%
Kong.Z, 2017 1010 601 13 020 820 —— 001 [082 079  14%
Morishima.T, 2014 9 030 1231 11 060 1310 —— 002 [086:090]  12%
Park H, 2019 12 568 51 12 316 475 4»1» 049 [131: 032 14%
Wang N, 2012 1 720 1793 7 421 2609 - 013 [-1.08; 0.82) 10%
YangX. 2014 10 694 1239 8 45 618 —— 023 [116: 071)  11%
Zhang N, 2019 20 55 621 20 305 611 040 [103; 022  24%
Zhao.S. 2016 9 221 170 9 416 861 075 71 022)  10%
Zheng B, 2020 10033 81 10 25 784 = 027 [061 115]  12%
Chacaroun, S, 2020 120020 718 11 010 935 —— 003 [085 078  14%
Gatterer, H, 2015 16 060 871 16 090 822 - 003 [066 073  1.9%
Gonzalez-Muniesa, P, 2015 U160 447 12 210 475 J‘- 011 [067: 088]  16%
Jung, K, 2020 12 010 666 10 020 538 —— 005 [089: 079  13%
KiugL, 2018 2 070 58 11 010 706 —— 009 [091: 073 14%
Kong.Z, 2017 101 308 13 020 507 —— 002 [078 083  14%
Morishima, T, 2014 9 080 675 11 030 747 —— 007 [095 081  12%
Park. H, 2019 2 550 178 12 A% 17 196 [296:-096]  09%
WangN, 2012 1504 833 7 244 400 035 [131 060]  10%
Wiesner.S, 2010 24200 195 21 000 151 112 [048: 175 23%
Zhao S, 2016 9 35 209 9 293 1N 030 [123 063  11%
Zheng B, 2020 10 069 307 10 19 344 037 [051 126]  12%
Chacaroun,$, 2020 12 040 251 11 030 320 024 [059 106)  14%
Femandez M, 2018 12 020 265 1010 28 004 [0.85 0.78) 14%
Gatterer H, 2015 6 130 800 16 090 441 006 [075 063  19%
Gonzalez-Muniesa,P, 2015 U180 285 12 A0 298 000 [077:077]  16%
Hobbins. L, 2021 8 070 360 8 100 178 057 [044; 157)  09%
Jung K, 2020 12000 463 10 -010 340 002 [082 086  13%
KiugL. 2018 12 060 140 11 070 101 008 [074090)  14%
Kong2, 2014 10 260 507 8 020 517 045 [139; 050)  1.0%
Kong.Z, 2017 n 000 251 13 010 215 004 [0.84; 0.76] 14%
Morishima.T, 2014 9 000 360 11 030 298 003 [079097) 12%
Wang N, 2012 1264 482 7450 500 022 [MA7. 073 10%
YangX, 2014 10 23 407 8 151 252 023 [117: 070  11%
Zhang N, 2019 20 547 400 20 208 425 * 081 [-145,-0.16] 22%
Zheng B, 2020 10 012 300 10 0% 200 031 [057, 119]  12%
Chacaroun, S, 2020 203 78 11 030 1005 —— 000 [082 082  14%
Femandez M, 2018 12030 415 11 070 578 — 008 [074 090  14%
Kong, Z, 2014 0 6% 1170 8 3% 872 —ﬁ— 027 [121: 066  11%
Kong.Z, 2017 1000 173 13 020 215 — 010 [0.90: 0.71]  14%
Morishima, T, 2014 9 070 76 11 030 79 —— 005 [093 083  12%
Wang.N, 2012 1706 1144 7 3% 94 —«*— 028 [123; 068  10%
Yang X, 2014 10 687 1023 8 497 515 . 022 [115 077  11%
Zhang N, 2019 20 959 346 20 746 338 L 061 [125 003  23%
Zheng B, 2020 10 05 416 10 1% 378 035 [054 123]  12%

Camacho-Cardenosa, A, 2018 15 42 126 18 337 92 - 008 [0.77: 060)  20%
Camacho-Cardenosa, A", 2018 13 -7.35 1404 15075 890 *} 055 [131;020]  16%
Chacaroun, S, 2020 12 030 615 11 060 837 —— 004 [078; 086  14%
Gatterer.H, 2015 16 3% 2041 16 410 1093 . 001 [068; 070]  19%
Gonzalez-Muniesa,P, 2015 4390 1122 12 400 898 —— 001 [076; 078  16%
Kiug L, 2018 12 200 1039 1200 995 = 000 [-0.82; 0.82) 14%
Wang,N, 2012 1712 1186 7908 1059 016 [079; 111]  1.0%
Wiesner,S, 2010 24 400 272 21 200 281 71 (132011 25%
Camacho-Cardenosa, A, 2018 15 137 880 18 300 10.80 016 [053; 085  20%
Camacho-Cardenosa, A", 2018 13 -237 1214 15093 1031 012 [087; 062)  17%
Chacaroun, S, 2020 12 07 75 1 060 820 001 [083 081  14%
Gatterer H, 2015 16 230 14.98 16 -310 1010 006 [063; 075  1.9%
Gonzalez-Muniesa P, 2015 4 410 1059 12 380 870 003 [080; 074]  16%

1033 11 000 663 011 [093 071]  14%

KluglL, 2018 12 100

Camacho-Cardenosa, A, 2013 15 003 007 18 001 005
Camacho-Cardenosa, A", 2018~ 13 -005 008 15 000 006

[1.02 036]  20%
[146, 007)  16%

= S
-
——
.
&
—

033

+ 069
-+

Gatterer, H, 2015 16 -0.02 0.08 16 001 o1 -0.10 [-0.79; 0.59] 19%
Klug.L, 2018 12 002 007 1 -002 006 000 [-082; 0.82] 14%
Kong.Z, 2014 10 -0.06 0.09 8 -0.03 007 -0.35 [1.29; 059] 11%
Random effects model 865 826 010 [0.20;.0.01]  100.0%
Heterogenety. /= 0%, 7= 0, p = 0.83
Testfo subgroup dferences: 2= 217,81 = (p = 0.90) 24012

FIGURE 5

Forest Plot of the Meta-analysis on body composition.

Meta-analysis

The results of the meta-analysis of all studies are shown as
forest plots in Figure 5 and Figure 6. A random effects model was
considered the main method for meta-analysis to account for the
heterogeneity between studies.
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Hypoxia Normoxia Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
‘Camacho-Cardenosa, A, 2018 15 015 075 18 021 084 - 044 [-0.26; 1.13] 19%
Camacho-Cardenosa, A", 2018 13 020 182 1% 027 123 - 030 [-045; 1.05] 17%
Chacaroun, S, 2020 12 000 078 1" 000 104 —— 000 [-0.82; 0.82] 15%
Femandez M, 2018 12 020 075 1 010 110 —— <010 [082; 072] 15%
Gatterer, H, 2015 12 018 082 15 029 098 050 [027; 127] 17%
Gonzalez-Muniesa, P, 2015 14 063 087 12 047 127 042 [-1.20; 037) 16%
Jung, K, 2020 12 065 138 10 010 063 -048 [-1.33; 0.38] 14%
Kong.Z, 2017 " 000 070 13 0.00 069 0.00 [-0.80; 0.80] 16%
Morishima, T, 2014 9 023 o087 1 008 076 -0.18 [-1.06; 0.71] 13%
Nishiwaki, M, 2016 7 041 0.80 7 018 101 024 [1.29; 082) 1.0%
Wang,N, 2012 1 043 060 7 089 086 062 [-0.36 1.59] 11%
Yang X, 2014 10 107 130 8 040 087 L -056 [-152; 0.39) 12%
Zhang N, 2019 20 109 050 20 08 052 i 046 [-1.09; 0.17) 22%
<
Camacho-Cardenosa, A, 2018 15 020 030 18 012 025 029 [097; 040)  20%
‘Camacho-Cardenosa, A", 2018 13 02 o022 15 014 026 <032 [1.07; 043) 17%
Chacaroun, S, 2020 12 000 034 1 000 100 000 [-0.82; 0.82] 15%
Femandez M, 2018 12 030 115 1 020 115 042 [041; 1.25] 15%
Gatterer, H, 2015 12 0.16 1.16 15 025 065 044 033 121] 17%
Gonzalez-Muniesa, P, 2015 14 034 063 12 035 060 002 [-0.76; 0.79] 17%
Jung, K, 2020 12 023 048 10 017 028 -0.14  [-0.98; 0.70] 15%
KlugL, 2018 12 062 192 1 045 095 <011 [-093; 071] 15%
KongZ, 2017 1 -0.30 040 13 0.00 050 -063 [146; 0.19] 15%
Morishima, T, 2014 9 020 095 1 032 043 016 [-072; 1.04] 13%
Nishiwaki, M, 2016 7 016 im 7 009 080 -024 [129; 081) 1.0%
Wang N, 2012 1 047 034 7 A1 075 115 [0.11; 2.18] 1.0%
YangX, 2014 10 03 092 8 0.04 135 <034 [-1.28; 0.60] 12%
Zhang N, 2019 20 025 022 20 011 022 062 [-1.26; 0.01] 22%
Chacaroun,S, 2020 12 054 043 " 0.07 0.40 — 109 [020; 198] 13%
Femandez M, 2018 12 010 040 1 010 030 — 000 [-0.82; 0.82] 15%
Gatterer H, 2015 12 0.03 036 15 -0.01 038 - 0.10 [-0.66; 0.86] 17%
Gonzalez-Muniesa,P, 2015 4 003 029 12 009 019 —i -047 [11.25; 032] 16%
Jung K, 2020 12 003 039 10 002 026 —— -003 [-087: 0.81] 15%
KlugL, 2018 12 013 041 1 005 017 —— -024 [-1.06; 0.58] 15%
Kong.Z, 2017 1" 020 026 13 010 020 e 042 [-039; 1.23] 15%
Morishima,T, 2014 9 -0.08 027 1 -0.05 027 — -0.11  [-099; 0.78] 13%
Nishiwaki,M, 2016 7 003 039 7 013 050 —— 021 [-1.26; 0.84] 1.0%
Wang.N, 2012 n 008 034 7 004 016 i — 013 [-0.82; 1.08] 12%
Yang X, 2014 10 081 112 8 036 054 —r -047  [-141; 048] 12%
Zhang N, 2019 20 082 032 20 -045 033 — 112 [1.79:-044) 20%
<+

Chacaroun.S, 2020 12 000 078 " 000 107 —. 0.00 [-0.82; 0.82) 15%
Femandez M, 2018 12 020 075 " 000 082 —— 025 [-1.07; 0.58] 15%
Gonzalez-Muniesa.P, 2015 14 043 0380 12 038 136 —— -0.04 [0.82 0.73] 1.7%
Jung K, 2020 12 025 149 10 031 062 — 005 [-0.79; 0.89] 15%
KlugL, 2018 12 142 126 1 28 107 — 117 [0.28; 2.07) 13%
Kong.Z, 2017 " 000 052 13 010 070 0.15  [-0.65; 0.96] 16%
Morishima,T, 2014 9 007 072 1 008 053 002 [-0.87; 0.90] 13%
Nishiwaki,M, 2016 7 033 074 7 003 086 035 [0.71; 1.41) 1.0%
Wang,N, 2012 1 043 045 7 071 057 053 [0.43; 1.50] 12%
Wiesner,S, 2010 24 300 567 21 500 897 027 [-0.32; 0.85) 24%
Yang X, 2014 10 028 028 8 044 030 053 [042; 148 12%
Zhang N, 2019 20 043 014 20 029 016 091 [157;-026] 21%
Camacho-Cardenosa, A, 2018 15 407 751 18 607 746 - 026 [-043; 0.95] 20%
Camacho-Cardenosa, A", 2018 13 007 780 15 607 746 —— 076 [-0.01; 1.54] 17%
Chacaroun, S, 2020 12 0.00 075 1 0.00 092 —— 000 [082 082] 15%
Femandez M, 2018 12 020 044 1 020 030 - -1.01 [-1.89;-0.14] 14%
Gatterer H, 2015 12 290 4086 15 560 3388 - 007 [-0.69; 0.83] 17%
Jung K, 2020 12 780 855 10 210 1893 '}—4— 067 [-0.20; 1.54] 14%
KiugL, 2018 12 02 151 " 000 133 —a— -0.14  [0.95 068] 15%
Morishima,T, 2014 9 -8.00 9.00 1" -7.00 663 —— 012 [-1.01; 0.76] 13%
Nishiwaki, M, 2016 7 700 3134 7 000 2524 T -023 [-1.28; 082] 1.0%
Chacaroun, S, 2020 12 040 415 1 -040 6.07 e 000 [-0.82; 0.82] 15%
Femandez M, 2018 12 1.00 793 1 -3.10 868 L 048 [036; 131] 15%
Jung K, 2020 12 060 3.00 10 070 236 b -046  [-1.31; 039] 14%
KiugL, 2018 12 3.00 904 1 200 1196 g 046 [037; 129] 15%
Morishima,T, 2014 9 220 550 1 170 176 - <012 [-1.00; 0.76] 13%
Wiesner,S, 2010 24 310 552 21 320 59 - 002 [-0.57: 0.60] 25%
Random effects model 809 789 I 0.01  [0.13; 0.10]  100.0%
Hetrogenety. - 0%, - 0045, <009
Test for subgroup differences: 7= 1.73,df = (o = 0.89) 27 0 4 i

FIGURE 6

Forest Plot of the Meta-analysis on glycometabolism and

lipometabolism.

The overall meta-analysis of the effects of HET and NET on body
composition comprised 69 SMDs from 19 trials (Figure 5). There was
no significant difference in the improvement of body composition
with HET and NET and no heterogeneity among the studies (SMD
-0.10, 95% CI -0.20 to -0.01; p = 0.90, I = 0%). Similarly, for studies
conducted on glycometabolism and lipometabolism, our meta-
analysis reveals no difference between HET and NET and low
heterogeneity among the studies (SMD -0.01, 95% CI -0.13 to
-0.10; p = 0.89, I* = 20%) (Figure 6).
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Subgroup analyses

The effects of HET and NET on the body composition,
glycometabolism, and lipometabolism of overweight and obese
adults may be influenced by the age of participants, intervention
duration, frequency, and level of hypoxia. Subgroup analysis
demonstrated that the age of participants, intervention duration,
frequency, and level of hypoxia did not change the results of the
meta-analysis (Table 2).

Discussion

This review aimed to examine the effect of hypoxia on fat loss
compared to equivalent training in normoxia in overweight or
obese adults. The key finding of this meta-analysis was that
training in hypoxia elicited comparable responses in body
composition,  glycometabolism, and lipometabolism in
individuals. In addition, we found that the subgroup analysis
of different training duration, training frequency, hypoxia levels,
and the age of participants not significantly improved body
composition, glycometabolism, and lipometabolism values.
These findings may have important implications for obese
patients and multidisciplinary teams involved in obesity

management.

Hypoxic exercise training and normoxic
exercise training effects on body
composition in obese and overweight
people

BM, BMI, FBM, and BFR were reliable and valid for
identifying adults at increased risk for death and morbidity
related to overweight and obesity (Aronne, 2002). This review
showed no significant positive effect on body composition for
both hypoxic and normoxic conditioning. This is an important
finding because it has previously been reported that active
hypoxia may reduce BM in animals and humans (Hobbins
et al,, 2017). Early studies have found that hypoxia exposure
at high altitudes can cause weight loss and changes in other body
composition (Ge et al, 2010). A meta-analysis of studies by
Diinnwald et al. (2019) showed that greatest reductions in BM
and FBM were observed in moderate altitudes (1,500-3,500 m)
when exposure was active and the duration of hypoxia exposure
was more than 42 days (6 weeks). Active exposure primarily
consisted of hiking, trekking, and sometimes swimming (e.g.,
activity during moderate altitude vacations) (Diinnwald et al.,
2019). The studies included in this review simulated oxygen
concentration conditions at moderate altitudes (FiO,: 13.5%—
17.4%), and the active exposure consisted of running and cycling
in the hypoxic chamber. It follows that subjects in the studies
included in this review were exposed to hypoxic environments
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TABLE 2 Subgroup analyses of the effects of exercise training performed in hypoxia versus normoxia on reducing the fat.

Subgroup Frequency (d/wk)

BM

BMI

FBM

BFR

TC

TG

HDL

LDL

Glucose

Insulin

<4

<4

<4

<4

<4

<4

<4

<4

<4

SMD
[95%CI]
0.03 [-0.31,
0.36]

~0.19 [-0.56,
0.18]

0.03 [-0.28,
034]

~0.09 [<0.49,
032]

~0.10 [-0.44,
023

~0.31 [-0.93,
031]

029 [-0.12,
0.70]

-022
[~0.74, 0.30]
0.14 [-0.18,
0.46]

~0.14 [-0.55,
027]

~0.03 [-0.33,
0.26]

~0.08 [-0.65,
0.49]

0.04 [0.33,
041]

0.01 [-0.40,
041]

0.18 [-0.23,
0.60]

034 [-0.13,
0.82]

0.16 [-0.16,
048]

031 [-0.36,
098]

p values
of SMD
0.88
031
0.83
0.67
0.55
0.33
0.16
0.41
0.39
0.43
0.84
0.78
0.83
0.98
0.39
0.15
0.32

0.37

I2

0%

0%

0%

0%

0%

0%

41%

0%

0%

0%

0%

46%

48%

0%

30%

0%

0%

40%

values
of I

0.99

0.84

0.94

0.44

0.87

0.44

0.13

0.88

0.50

0.83

0.11

0.11

0.70

0.22

0.86

0.62

0.20

Duration (wk)

<8

<8

<8

<8

<8

<8

<8

<8

<8

<8

n

SMD
[95%CI]
-0.03 [-0.32,
0.26]

~0.13 [-0.53,
027]

~0.09 [-0.40,
0.23]

0.08 [-0.27,
0.44]

~0.10 [-0.44,
0.23]

~0.01 [-0.40,
0.38]

0.22 [-0.26,
0.70]

~0.03 [-0.42,
037]

0.05 [-

0.38, 0.48]
0.01 [-0.28,
0.30]

0.07 [-0.40,
0.54]

~0.08 [-0.38,
0.22]

~0.04 [-0.43,
0.36]

0.08 [-0.30,
0.46]

0.28 [-0.12,
0.68]

0.06 [-

0.37, 048]
~0.41 [-091,
0.08]

029 [0.04,
0.61]

0.18 [-0.20,
0.55]

~0.22 [-0.81,
0.37]

p values
of SMD
084
052
0.58
065
0.55
097
037

0.90

0.95
0.76
0.62
0.86
0.73
0.18
0.26
0.10

0.09

0.47

0%

0%

0%

0%

0%

0%

51%

0%

0%

8%

41%

0%

0%

45%

30%

0%

25%

0%

0%

0%

values
of I

0.59

0.71

0.96

0.87

0.87

0.07

0.92

0.64

0.37

0.13

0.85

0.66

0.12

0.21

0.94

0.26

0.56

0.45

FiO, (%)
n
<15 6
=15 5
<15 5
215 5
<15 2
=15 5
<15 4
215 3
<15 3
=15 5
<15 4
=15 5
<15 4
215 3
<15 5
215 4
<15 4
215 5
<15 3
=15 3

SMD
[95%CI]
~0.06 [~0.40,
0.29]

0.02 [-0.46,
0.50]

0.13 [-0.21,
047

~0.12 [0.55,
031]

0.13 [-0.35,
0.62]

-0.22 [-0.73,
029]

0.02 [-0.39,
043]

038 [~0.00,
0.76]

0.00 [-0.40,
041]

0.18 [-0.20,
0.57]

0.19 [-022,
0.60]

-0.33 [-0.71,
0.05]

037 [-0.30,
1.03]

0.03 [-0.45,
0.52]

-0.07 [-0.54,
041]

0.54 [-0.61,
1.68]

~0.05 [-0.46,
0.36]

0.17 [-0.20,
0.54]

0.01 [-0.47,
0.49]

0.10 [-0.32,
0.52]

p values
of SMD
0.74
0.94
0.44
0.58
0.60
0.39
091
0.05
0.98
0.36
0.36
0.09
0.28
0.89
0.78
0.36
0.81

0.37

0.65

0%

0%

0%

0%

0%

0%

0%

63%

0%

0%

0%

0%

49%

0%

0%

78%

59%

0%

15%

0%

values
of I?

0.77

0.99

0.92

0.52

0.84

0.67

0.78

0.04

0.69

0.68

0.85

0.14

0.50

0.87

0.03

0.06

0.43

0.31

0.60

age (yr)
n
<45 10
>45 3
<45 9
245 3
<45 8
>45 1
<45 6
245 5
<45 8
245 3
<45 8
>45 4
<45 6
245 4
<45 7
>45 4
<45 4
245 4
<45 3
245 2

SMD
[95%CI]
~0.14 [-0.41,
0.13]

~0.14 [-0.58,
0.30]

~0.10 [-0.38,
0.18]

0.07 [-0.38,
051]

0.19 [-0.32,
0.69]

~0.46 [1.29,
0.36]

~0.01 [-0.28,
027]

0.15 [-0.34,
0.65]

~0.13 [-0.50,
0.25]

0.06 [-0.36,
0.49]

~0.32 [-0.69,
0.05]

0.19 [-0.24,
0.62]

~0.08 [-0.52,
0.37]

050 [-0.22,
1.22]

0.06 [-0.34,
0.45]

~0.05 [-0.47,
0.37]

0.10 [-0.32,
052]

0.23 [-0.36,
0.81]

p values
of SMD
033
054
048

0.77

0.46
0.27
0.97
0.54
0.51
0.76
0.09
0.39
0.73
0.17
0.78

0.81

0.45

0%

0%

0%

0%

54%

75%

0%

0%

42%

0%

59%

41%

48%

46%

68%

0%

0%

0%

values
of I

0.96

0.06

0.71

0.86

0.05

0.007

0.49

0.10

0.70

0.05

0.13

0.09

0.16

0.02

0.97

0.44

n, number of studies. -, absence of studies for a given subgroup. BM, body mass; BMI, body mass index; BFR, body fat rate; FBM, fat body mass; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; TC, total cholesterol; TG,

triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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for less hours per day than those included in the studies by
Diinnwald (Diinnwald et al., 2019). Thus, the insufficient daily
hypoxic exposure time may have contributed to the insignificant
difference between HET and NET in terms of fat loss.

Another factor contributing to weight loss in hypoxic
conditions was decreased caloric intake through meals as a
result of diminished appetite (Westerterp-Plantenga et al.,
1999). Highlanders’ negative energy balance was the primary
cause of weight loss (Hamad and Travis, 2006). According to
animal studies, 21-day-old rats exposed to a low-pressure
chamber at a simulated altitude of 6100 m only had 54.6% of
the food intake and 32.7% of the body weight gain of normoxic
rats (Bozzini et al., 1987). Energy intake was also reduced in
humans exposed to artificial hypoxia (De Glisezinski et al., 1999).
Due to the short duration of hypoxia exposure per day in the
studies included in this review, subjects may not have been
affected by reduced appetite.

More studies have also found non-significant improvements
in body composition in the hypoxic condition. For instance,
Wiesner et al. (Wiesner et al., 2010) discovered that in a 4-weeks
HET trial of normal-weight people, HET was not considerably
more successful in lowering BM compared to NET. Netzer et al.
(Netzer et al., 2008)reported an insignificant reduction in BM
and BMI in the hypoxic group. Similarly, in another study,
subjects exercising in a hypoxic (FiO, = 15.0%) and normoxic
environment (moderate intensity cycling, three times per week
for 4 weeks) did not show significant changes in BMI and FBM.
However, the normoxic group demonstrated a slight decrease in
BM following the intervention compared to the hypoxic group
(-1% and -0.5%, respectively) (Morishima et al., 2014). Subgroup
analysis of this review showed comparable effects of HET and
NET on body composition at less than 8 weeks. Therefore,
hypoxia may take time to have a physiological effect on the
body. Nevertheless, the longer duration of the intervention
(8 weeks—8 months) did not result in significant differences
between the HET and NET groups either. This could have led
to subjects already having adapted to the hypoxic environment.
When people have been exposed to hypoxia for long periods of
time, the adaptation of body composition may rapidly plateau
and, without periodic adjustment, may not continue the benefits
of hypoxia to the organism (Hobbins et al., 2017).

In addition to BM, BMI, FBM, and BFR, the risk of
overweight and obesity was strongly associated with excess
abdominal fat and lower fitness level. The results of two
previous studies (Wiesner et al, 2010; Shin et al, 2018)
showed a significant decrease in WC in subjects after HET
(aerobic training, 60 min/d, VO, of 65%, and FiO, of
14.5-15%), but no significant changes in NET. Another study
(Camacho-Cardenosa et al., 2018) also found a significant
reduction in WC and WHR after 12 weeks of HET. These
studies suggested that HET positively affected abdominal fat
reduction, which may be related to the enhanced oxidation of
lipids after exercise (Camacho-Cardenosa et al.,, 2018). It is
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noteworthy that reducing abdominal fat requires adequate
exercise duration and intensity. According to the American
College of Sports Medicine (Wilkins, 2006), people who are
should the
recommended program of moderate-intensity exercise for

overweight or obese achieve following
50-60 min/day and 300 min/week when exercising for weight
loss. Only four trials included in this review had exercise
protocols that met the exercise regimen recommended by the
American College of Sports Medicine (Wang et al., 2012; Yang
et al., 2014; Zhao and Shi, 2016; Zhang, 2019). In addition, when
people exercised in a hypoxic environment as opposed to a
normoxic one, there was a tremendous increase in heart rate,
more production of blood lactate, and more significant subjective
fatigue (Bouissou et al., 1987). It follows that exercise in a hypoxic
environment may be more “challenging”, especially for obese
individuals. In other words, exercising in an environment with
low levels of hypoxia may cause physiological discomfort, leading
to reduction in total workload. Hence, more data from
randomized trials are required to determine the optimal
intervention duration, intervention frequency, and hypoxia

level for fat loss in NETs.

Hypoxic exercise training and normoxic
exercise training effects on
glycometabolism and lipometabolism in
obese and overweight people

The current meta-analysis showed that HET and NET did
not significantly improve lipid metabolism, which is generally
consistent with previous studies (Netzer et al., 2008; Wiesner
etal,, 2010). Differences in the current findings may be primarily
related to the total duration of the training. It has been shown
that subjects with NET have significantly increased HDL-C levels
(Costa et al.,, 2019). Netzer (Netzer et al., 2017) found that
subjects who completed 8 weeks of exercise under hypoxia or
normoxia showed a greater increase in TG, TC, and HDL-C. In
other studies of similar exercise intensity, TG, TC, and HDL-C
did not change after completing 4 weeks of exercise training in
the HET and NET groups (Wiesner et al., 2010; Morishima et al.,
2014). Interestingly, all intervention groups of these findings
completed the same type of exercise at an ‘absolute’ intensity,
i.e,, an intensity regardless of the environmental condition. The
proportion of carbohydrate oxidation increase under hypoxia
condition compared to the normoxic condition (Jung et al.,
2020). However, exercising in a hypoxic environment puts
extra stress on the metabolism of lipids, which the body must
overcome to oxidize further substances that provide energy in the
muscles (Kelly and Basset, 2017; Jung et al., 2020). As mentioned
above, the hypoxic environment makes exercising more “harder.”
Therefore, we suggest that the intensity of exercise achieved by
people exercising in a normoxic environment may be what
stimulates lipid metabolism.
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Previous studies have shown HET increases the relative
glucose oxidation rates of subjects (Geiser et al., 2001; Vogt
et al, 2001; Hoppeler et al., 2003). This phenomenon was
attributed to the trans-activation of HIF-1 (Wiesner et al.,
2010). In this review, exercise training under hypoxic and
normoxic conditions elicited similar responses in obese
patients, suggesting that HET had no additional effect on
fasting insulin and glucose metabolism in obese subjects.

It is well-established the age-related variations in
(Tessari,  2000).
Nevertheless, subgroup analysis of this review demonstrated

glycometabolism and  lipometabolism
that neither youth (18-44 years) nor middle-aged subjects
(45-66 years) exhibited changes in lipid metabolism between
HET and NET. Only five trials in this review had subjects over
45 years of age (Nishiwaki et al., 2016; Klug et al., 2018; Park et al.,
2019; Chacaroun et al., 2020), which may lead to biased results.
Furthermore, most trials included in this review (Wiesner et al.,
2010; Yang et al., 2014; Gatterer et al., 2015; Nishiwaki et al.,
2016; Kong et al, 2017; Camacho-Cardenosa et al, 2018;
Ferndndez Menéndez et al., 2018; Klug et al.,, 2018; Park et al,,
2019; Zhang, 2019; Chacaroun et al., 2020; Jung et al., 2020;
Zheng et al.,, 2020; Hobbins et al, 2021) did not investigate
dietary intake and daily activity in the HET and NET groups
during the hypoxic exercise intervention. As a result, we cannot
rule out the effect of the age of participants, food intake, and daily
activities on glycometabolism and lipometabolism.

There were several limitations to this review that should be
taken into account. Even though a systematic literature search
was conducted, it was possible that some relevant studies were
not included in this meta-analysis if our search algorithm did not
capture them. In addition, there was unavoidable variation in the
design protocols of different literature, such as individual subject
differences, compliance, intervention duration, and exercise
format. These uncontrollable variables may have contributed
to the heterogeneity in this study.

To conclude, this systematic review with meta-analysis
showed that HET and NET have similar effects on fat loss in
overweight and obese adults. Furthermore, subgroup analysis
also revealed that hypoxia had no effect on body composition,
glycometabolism, and lipometabolism when potential
parameters (i.e., the age of participants, hypoxia dose, exercise
frequency, and duration) are altered. Thus, application and
promotion of HET in fat reduction require additional
exploration. However, due to some limitations, more RCTs

References

Aronne, L. J. (2002). Classification of obesity and assessment of obesity-related
health risks. Obes. Res. 10 (2), 105s-115s. doi:10.1038/0by.2002.203

Batacan, R. B, Jr., Duncan, M. J., Dalbo, V. J., Tucker, P. S., and Fenning, A. S.
(2017). Effects of high-intensity interval training on cardiometabolic health: A
systematic review and meta-analysis of intervention studies. Br. J. Sports Med. 51
(6), 494-503. doi:10.1136/bjsports-2015-095841

Frontiers in Physiology

10.3389/fphys.2022.940749

with larger sample sizes are needed to further understand
exercise’s effectiveness on fat loss under different oxygen

conditions.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material, further
inquiries can be directed to the corresponding author.

Author contributions

SC, XL: Conceptualization, Formal analysis, Data Curation,
Writing-Original Draft, Visualization. QL, JC, YY: Formal
analysis, Data Curation. YG, QM, YS: Writing-Review and
Editing. HS: Writing-Review and Editing.

Funding

This work was supported by the National Key Research and
Development Program of China (NO.2018YFCC2000600) and
Fok Ying Tung Education (NO.161094). The funders had no role
in the study design, data collection, and analysis, decision to
publish, or preparation of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Bouissou, P., Guezennec, C. Y., Defer, G., and Pesquies, P. (1987). Oxygen
consumption, lactate accumulation, and sympathetic response during prolonged
exercise under hypoxia. Int. J. Sports Med. 08 (4), 266-269. doi:10.1055/s-2008-1025667

Bozzini, C. E., Alippi, R. M., and Barcelo, A. C. (1987). Mandibular growth
retardation in growing rats chronically exposed to hypobaria. J. Dent. Res. 66 (1),
65-66. doi:10.1177/00220345870660011401

frontiersin.org


https://doi.org/10.1038/oby.2002.203
https://doi.org/10.1136/bjsports-2015-095841
https://doi.org/10.1055/s-2008-1025667
https://doi.org/10.1177/00220345870660011401
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.940749

Chen et al.

Burgomaster, K. A., Howarth, K. R, Phillips, S. M., Rakobowchuk, M.,
MacDonald, M. J., McGee, S. L., et al. (2008). Similar metabolic adaptations
during exercise after low volume sprint interval and traditional endurance
training in humans. J. Physiol. 586 (1), 151-160. doi:10.1113/jphysiol.2007.142109

Camacho-Cardenosa, A., Camacho-Cardenosa, M., Brazo-Sayavera, ., Burtscher,
M., Timén, R., and Olcina, G. (2018). Effects of high-intensity interval training
under normobaric hypoxia on cardiometabolic risk markers in overweight/obese
women. High Alt. Med. Biol. 19 (4), 356-366. d0i:10.1089/ham.2018.0059

Camacho-Cardenosa, A., Camacho-Cardenosa, M., Brooks, D., Timén, R,
Olcina, G., and Brazo-Sayavera, J. (2019). Effects training in hypoxia on
cardiometabolic parameters in obese people: A systematic review of randomized
controlled trial. Atencion Primaria 51 (7), 397-405. doi:10.1016/j.aprim.2018.
03.011

Chacaroun, S., Borowik, A., Vega-escamilla Y. Gonzalez, I. V.-E. Y., Doutreleau,
S., Wuyam, B., Belaidi, E., et al. (2020). Hypoxic exercise training to improve
exercise capacity in obese individuals. Med. Sci. Sports Exerc. 52 (8), 1641-1649.
doi:10.1249/mss.0000000000002322

Costa, R. R, Buttelli, A. C. K,, Vieira, A. F.,, Coconcelli, L., Magalhaes, R. L.,
Delevatti, R. S., et al. (2019). Effect of strength training on lipid and inflammatory
outcomes: Systematic review with meta-analysis and meta-regression. J. Phys. Act.
Health 16 (6), 477-491. doi:10.1123/jpah.2018-0317

Cumpston, M., Li, T., Page, M. J., Chandler, J., Welch, V. A,, Higgins, J. P., et al.
(2019). Updated guidance for trusted systematic reviews: A new edition of the
Cochrane handbook for systematic reviews of interventions. Cochrane Database
Syst. Rev. 10, Ed000142. doi:10.1002/14651858.Ed000142

de Glisezinski, I., Crampes, F., Harant, I, Havlik, P., Gardette, B., Jammes, Y.,
et al. (1999). Decrease of subcutaneous adipose tissue lipolysis after exposure to
hypoxia during a simulated ascent of Mt Everest. Pfliigers Arch. - Eur. J. Physiol. 439
(1-2), 134-140. doi:10.1007/s004249900167

Diinnwald, T., Gatterer, H., Faulhaber, M., Arvandi, M., and Schobersberger, W.
(2019). Body composition and body weight changes at different altitude levels: A
systematic review and meta-analysis. Front. Physiol. 10, 430. doi:10.3389/fphys.
2019.00430

Egger, M., Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-analysis
detected by a simple, graphical test. Bmj 315 (7109), 629-634. doi:10.1136/bmj.315.
7109.629

Engin, A. (2017). The definition and prevalence of obesity and metabolic
syndrome. Adv. Exp. Med. Biol. 960, 1-17. doi:10.1007/978-3-319-48382-5_1

Ferndndez Menéndez, A., Saudan, G., Sperisen, L., Hans, D., Saubade, M., Millet,
G. P, et al. (2018). Effects of short-term normobaric hypoxic walking training on
energetics and mechanics of gait in adults with obesity. Obesity 26 (5), 819-827.
doi:10.1002/0by.22131

Gardner, A. W, and Poehlman, E. T. (1995). Exercise rehabilitation programs for
the treatment of claudication pain. JAMA 274 (12), 975-980. doi:10.1001/jama.
1995.03530120067043

Gaspar, J. M., and Velloso, L. A. (2018). Hypoxia inducible factor as a central
regulator of metabolism - implications for the development of obesity. Front.
Neurosci. 12, 813. doi:10.3389/fnins.2018.00813

Gatterer, H., Haacke, S., Burtscher, M., Faulhaber, M., Melmer, A., Ebenbichler,
C., et al. (2015). Normobaric intermittent hypoxia over 8 Months does not reduce
body weight and metabolic risk factors - a randomized, single blind, placebo-

controlled study in normobaric hypoxia and normobaric sham hypoxia. Obes. Facts
8 (3), 200-209. doi:10.1159/000431157

Ge, R. L., Wood, H,, Yang, H. H,, Liu, Y. N., Wang, X. J., and Babb, T. (2010). The
body weight loss during acute exposure to high-altitude hypoxia in sea level
residents. Sheng Li Xue Bao 62 (6), 541-546.

Geiser, J., Vogt, M., Billeter, R., Zuleger, C., Belforti, F., and Hoppeler, H. (2001).
Training high - living low: Changes of aerobic performance and muscle structure
with training at simulated altitude. Int. J. Sports Med. 22 (8), 579-585. doi:10.1055/
s-2001-18521

Gilde, A. J., and Van Bilsen, M. (2003). Peroxisome proliferator-activated
receptors (PPARS): Regulators of gene expression in heart and skeletal muscle.
Acta Physiol. Scand. 178 (4), 425-434. doi:10.1046/j.1365-201X.2003.01161.x

Girard, O., Malatesta, D., and Millet, G. P. (2017). Walking in hypoxia: An
efficient treatment to lessen mechanical constraints and improve health in obese
individuals? Front. Physiol. 8, 73. doi:10.3389/fphys.2017.00073

Gonzalez-Muniesa, P., Lopez-Pascual, A., de Andrés, J., Lasa, A., Portillo, M. P.,
Ards, F, etal. (2015). Impact of intermittent hypoxia and exercise on blood pressure
and metabolic features from obese subjects suffering sleep apnea-hypopnea
syndrome. J. Physiol. Biochem. 71 (3), 589-599. do0i:10.1007/s13105-015-0410-3

Giirpinar O, A., Kubat, E., and Onur, M. A. (2018). Hyperoxic or hypoxic
environment? Turk J. Biol. 42 (4), 267. doi:10.3906/biy-1712-89

Frontiers in Physiology

10.3389/fphys.2022.940749

Hamad, N, and Travis, S. P. (2006). Weight loss at high altitude: Pathophysiology
and practical implications. Eur. J. Gastroenterology Hepatology 18 (1), 5-10. doi:10.
1097/00042737-200601000-00002

Hamlin, M. J., Lizamore, C. A., and Hopkins, W. G. (2018). The effect of natural
or simulated altitude training on high-intensity intermittent running performance
in team-sport athletes: A meta-analysis. Sports Med. 48 (2), 431-446. doi:10.1007/
540279-017-0809-9

Hao, S, Tan, S, Li, J., Li, W,, Li, J., Cai, X, et al. (2021). Dietary and exercise
interventions for metabolic health in perimenopausal women in Beijing. Asia Pac
J. Clin. Nutr. 30 (4), 624-631. doi:10.6133/apjcn.202112_30(4).0009

Heinonen, I. H.,, Boushel, R., and Kalliokoski, K. K. (2016). The circulatory
and metabolic responses to hypoxia in humans - with special reference to
adipose tissue Physiology and obesity. Front. Endocrinol. 7,116. doi:10.3389/
fendo.2016.00116

Higgins JPT, T. J., Chandler, J., Cumpston, M., Li, T., and Page, M. J. (2022).
Cochrane handbook for systematic reviews of interventions. version 6.3 Retrieved
from: www.training.cochrane.org/handbook.

Hill, N. E,, Stacey, M. J., and Woods, D. R. (2011). Energy at high altitude. J. R.
Army Med. Corps 157 (1), 43-48. doi:10.1136/jramc-157-01-08

Hobbins, L., Hunter, S., Gaoua, N., and Girard, O. (2017). Normobaric
hypoxic conditioning to maximize weight loss and ameliorate cardio-
metabolic health in obese populations: A systematic review. Am.
J. Physiology-Regulatory, Integr. Comp. Physiology 313 (3), R251-r264.
doi:10.1152/ajpregu.00160.2017

Hobbins, L., Hunter, S., Gaoua, N., and Girard, O. (2021). Short-term
perceptually regulated interval-walk training in hypoxia and normoxia in
overweight-to-obese adults. J. Sports Sci. Med. 20 (1), 45-51. doi:10.52082/jssm.
2021.45

Hoppeler, H., Vogt, M., Weibel, E. R, and Fliick, M. (2003). Response of skeletal
muscle mitochondria to hypoxia. Exp. Physiol. 88 (1), 109-119. doi:10.1113/
eph8802513

Jung, K., Kim, J., Park, H.-Y,, Jung, W.-S,, and Lim, K. (2020). Hypoxic pilates
intervention for obesity: A randomized controlled trial. Ijerph 17 (19), 7186. doi:10.
3390/ijerph17197186

Kayser, B., and Verges, S. (2013). Hypoxia, energy balance and obesity: From
pathophysiological mechanisms to new treatment strategies. Obes. Rev. 14 (7),
579-592. doi:10.1111/0br.12034

Kayser, B., and Verges, S. (2021). Hypoxia, energy balance, and obesity: An
update. Obes. Rev. 22 (2), €13192. doi:10.1111/0br.13192

Kelly, L. P., and Basset, F. A. (2017). Acute normobaric hypoxia increases post-
exercise lipid oxidation in healthy males. Front. Physiol. 8, 293. doi:10.3389/fphys.
2017.00293

Klug, L., Mihler, A., Rakova, N., Mai, K., Schulz-Menger, J., Rahn, G., et al.
(2018). Normobaric hypoxic conditioning in men with metabolic syndrome.
Physiol. Rep. 6 (24), €13949. doi:10.14814/phy2.13949

Kong, Z., Zang, Y., and Hu, Y. (2014). Normobaric hypoxia training causes more
weight loss than normoxia training after a 4-week residential camp for obese young
adults. Sleep. Breath. 18 (3), 591-597. doi:10.1007/s11325-013-0922-4

Kong, Z., Shi, Q., Nie, J., Tong, T. K., Song, L., Yi, L., et al. (2017). High-intensity
interval training in normobaric hypoxia improves cardiorespiratory fitness in
overweight Chinese young women. Front. Physiol. 8, 175. doi:10.3389/fphys.
2017.00175

Kopin, L., and Lowenstein, C. (2017). Dyslipidemia. Ann. Intern Med. 167 (11),
1tc81-itc96. doi:10.7326/aitc201712050

Lacour, J. R. (2001). Lipid metabolism and exercise. Rev. Prat. 51 (12), S36-S41.
doi:10.2165/00007256-199826010-00003

Lu, X, Wu, T., Huang, P, Lin, S., Qiu, F., Meng, X,, et al. (2008). Effect and
mechanism of intermittent myocardial ischemia induced by exercise on coronary
collateral formation. Am. J. Phys. Med. Rehabil. 87 (10), 803-814. doi:10.1097/
PHM.0b013e31817faed0

Maillard, F., Pereira, B., and Boisseau, N. (2018). Effect of high-intensity interval
training on total, abdominal and visceral fat mass: A meta-analysis. Sports Med. 48
(2), 269-288. doi:10.1007/s40279-017-0807-y

Meyer, P., Normandin, E., Gayda, M., Billon, G., Guiraud, T., Bosquet, L.,
et al. (2012). High-intensity interval exercise in chronic heart failure:
Protocol optimization. J. Cardiac Fail. 18 (2), 126-133. doi:10.1016/j.
cardfail.2011.10.010

Moholdt, T., Bekken Vold, M., Grimsmo, J., Slerdahl, S. A., and Wisleff, U.
(2012). Home-based aerobic interval training improves peak oxygen uptake equal to
residential cardiac rehabilitation: A randomized, controlled trial. Plos One 7 (7),
€41199. doi:10.1371/journal.pone.0041199

frontiersin.org


https://doi.org/10.1113/jphysiol.2007.142109
https://doi.org/10.1089/ham.2018.0059
https://doi.org/10.1016/j.aprim.2018.03.011
https://doi.org/10.1016/j.aprim.2018.03.011
https://doi.org/10.1249/mss.0000000000002322
https://doi.org/10.1123/jpah.2018-0317
https://doi.org/10.1002/14651858.Ed000142
https://doi.org/10.1007/s004249900167
https://doi.org/10.3389/fphys.2019.00430
https://doi.org/10.3389/fphys.2019.00430
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1007/978-3-319-48382-5_1
https://doi.org/10.1002/oby.22131
https://doi.org/10.1001/jama.1995.03530120067043
https://doi.org/10.1001/jama.1995.03530120067043
https://doi.org/10.3389/fnins.2018.00813
https://doi.org/10.1159/000431157
https://doi.org/10.1055/s-2001-18521
https://doi.org/10.1055/s-2001-18521
https://doi.org/10.1046/j.1365-201X.2003.01161.x
https://doi.org/10.3389/fphys.2017.00073
https://doi.org/10.1007/s13105-015-0410-3
https://doi.org/10.3906/biy-1712-89
https://doi.org/10.1097/00042737-200601000-00002
https://doi.org/10.1097/00042737-200601000-00002
https://doi.org/10.1007/s40279-017-0809-9
https://doi.org/10.1007/s40279-017-0809-9
https://doi.org/10.6133/apjcn.202112_30(4).0009
https://doi.org/10.3389/fendo.2016.00116
https://doi.org/10.3389/fendo.2016.00116
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/jramc-157-01-08
https://doi.org/10.1152/ajpregu.00160.2017
https://doi.org/10.52082/jssm.2021.45
https://doi.org/10.52082/jssm.2021.45
https://doi.org/10.1113/eph8802513
https://doi.org/10.1113/eph8802513
https://doi.org/10.3390/ijerph17197186
https://doi.org/10.3390/ijerph17197186
https://doi.org/10.1111/obr.12034
https://doi.org/10.1111/obr.13192
https://doi.org/10.3389/fphys.2017.00293
https://doi.org/10.3389/fphys.2017.00293
https://doi.org/10.14814/phy2.13949
https://doi.org/10.1007/s11325-013-0922-4
https://doi.org/10.3389/fphys.2017.00175
https://doi.org/10.3389/fphys.2017.00175
https://doi.org/10.7326/aitc201712050
https://doi.org/10.2165/00007256-199826010-00003
https://doi.org/10.1097/PHM.0b013e31817faed0
https://doi.org/10.1097/PHM.0b013e31817faed0
https://doi.org/10.1007/s40279-017-0807-y
https://doi.org/10.1016/j.cardfail.2011.10.010
https://doi.org/10.1016/j.cardfail.2011.10.010
https://doi.org/10.1371/journal.pone.0041199
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.940749

Chen et al.

Montero, D., and Lundby, C. (2016). Effects of exercise training in hypoxia versus
normoxia on vascular health. Sports Med. 46 (11), 1725-1736. doi:10.1007/s40279-
016-0570-5

Morishima, T., Kurihara, T., Hamaoka, T., and Goto, K. (2014). Whole body,
regional fat accumulation, and appetite-related hormonal response after hypoxic
training. Clin. Physiol. Funct. Imaging 34 (2), 90-97. doi:10.1111/cpf.12069

Netzer, N. C., Chytra, R., and Kiipper, T. (2008). Low intense physical exercise in
normobaric hypoxia leads to more weight loss in obese people than low intense
physical exercise in normobaric sham hypoxia. Sleep. Breath. 12 (2), 129-134.
doi:10.1007/s11325-007-0149-3

Netzer, N. C,, Strohl, K. P., Hogel, J., Gatterer, H., and Schilz, R. (2017). Right
ventricle dimensions and function in response to acute hypoxia in healthy human
subjects. Acta Physiol. 219 (2), 478-485. doi:10.1111/apha.12740

Nishiwaki, M., Kawakami, R., Saito, K., Tamaki, H., and Ogita, F. (2016). The
effects of exercise training under mild hypoxic conditions on body composition and
circulating adiponectin in postmenopausal women. Clin. Physiol. Funct. Imaging 36
(6), 468-475. doi:10.1111/cpf.12252

Page, M. ]., McKenzie, J. E., Bossuyt, P. M., Boutron, L., Hoffmann, T. C., Mulrow,
C. D, et al. (2021). The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ 372, n71. doi:10.1136/bmj.n71

Park, H.-Y., Jung, W.-S,, Kim, J., and Lim, K. (2019). Twelve weeks of exercise modality
in hypoxia enhances health-related function in obese older Korean men: A randomized
controlled trial. Geriatr. Gerontol. Int. 19 (4), 311-316. doi:10.1111/ggi.13625

Quintero, P., Milagro, F. I, Campion, J., and Martinez, J. A. (2010). Impact of
oxygen availability on body weight management. Med. Hypotheses 74 (5), 901-907.
doi:10.1016/j.mehy.2009.10.022

Ramos-Campo, D. J., Girard, O., Pérez, A., and Rubio-Arias, J. (2019). Additive stress of
normobaric hypoxic conditioning to improve body mass loss and cardiometabolic markers
in individuals with overweight or obesity: A systematic review and meta-analysis. Physiology
Behav. 207, 28-40. doi:10.1016/j.physbeh.2019.04.027

Rugbeer, N., Constantinou, D., and Torres, G. (2021). Comparison of high—
intensity ~ training versus moderate-intensity continuous training on
cardiorespiratory fitness and body fat percentage in persons with overweight or
obesity: A systematic review and meta-analysis of randomized controlled trials.
J. Phys. Act. Health 18 (5), 610-623. doi:10.1123/jpah.2020-0335

Ryan, B.]., Schleh, M. W., Ahn, C,, Ludzki, A. C,, Gillen, J. B., Varshney, P., et al.
(2020). Moderate-intensity exercise and high-intensity interval training affect
insulin sensitivity similarly in obese adults. J. Clin. Endocrinol. Metab. 105 (8),
€2941-€2959. doi:10.1210/clinem/dgaa345

Shin, S., Matsuoka, T., and So, W. Y. (2018). Influences of short-term normobaric
hypoxic training on metabolic syndrome-related markers in overweight And normal-
weight men. J. Men’s Health 14 (1), E44-E52. doi:10.22374/1875-6859.14.1.5

Su, X., Cheng, Y., Zhang, G., and Wang, B. (2021). Novel insights into the
pathological mechanisms of metabolic related dyslipidemia. Mol. Biol. Rep. 48 (7),
5675-5687. doi:10.1007/s11033-021-06529-0

Tessari, P. (2000). Changes in protein, carbohydrate, and fat metabolism with aging:
Possible role of insulin. Nutr. Rev. 58 (1), 11-19. doi:10.1111/j.1753-4887.2000.tb01819.x

Urdampilleta, A., Gonzalez-Muniesa, P., Portillo, M. P., and Martinez, J. A. (2012).
Usefulness of combining intermittent hypoxia and physical exercise in the treatment of
obesity. J. Physiol. Biochem. 68 (2), 289-304. doi:10.1007/s13105-011-0115-1

Vekic, J., Zeljkovic, A., Stefanovic, A., Jelic-Ivanovic, Z., and Spasojevic-
Kalimanovska, V. (2019). Obesity and dyslipidemia. Metabolism 92, 71-81.
doi:10.1016/j.metabol.2018.11.005

Frontiers in Physiology

14

10.3389/fphys.2022.940749

Vogt, M., Puntschart, A., Geiser, J., Zuleger, C., Billeter, R., and Hoppeler, H.
(2001). Molecular adaptations in human skeletal muscle to endurance training
under simulated hypoxic conditions. J. Appl. Physiology (1985) 91 (1), 173-182.
doi:10.1152/jappl.2001.91.1.173

Wang, N, Hu, Y., Guan, Y., and Zhao, H. (2012). Effects of 4-week hypoxic
exercise combined with diet on body weight, blood lipid and insulin resistance of
obese adults. Chin. J. Sports Med. 31 (04), 289-294. doi:10.16038/j.1000-6710.2012.
04.013

Weng, X,, Lin, W., Huang, L., Xu, G., and Yu, Q. (2006). Discussion on principle
and application of hypoxic body exercise. China Sport Sci. Technolocy 2006 (05),
96-100. doi:10.16470/j.csst.2006.05.023

Wenger, R. H. (2002). Cellular adaptation to hypoxia: O2-sensing protein
hydroxylases, hypoxia-inducible transcription factors, and O2-regulated gene
expression. FASEB J. 16 (10), 1151-1162. doi:10.1096/j.01-0944rev

Westerterp-Plantenga, M. S., Westerterp, K. R., Rubbens, M., Verwegen, C. R,,
Richelet, J. P., and Gardette, B. (1999). Appetite at "high altitude" [operation everest
III (Comex-"97)]: A simulated ascent of mount everest. J. Appl. Physiology (1985) 87
(1), 391-399. doi:10.1152/jappl.1999.87.1.391

Wheelock, C. E., Hess, H. W., Johnson, B. D., Schlader, Z. J., Clemency, B. M., St.
James, E., et al. (2020). Endurance and resistance respiratory muscle training and
aerobic exercise performance in hypobaric hypoxia. Aerosp. Med. Hum. Perform. 91
(10), 776-784. doi:10.3357/amhp.5624.2020

WHO (2020). Obesity and overweight. Retrieved from: https://www.who.int/
news-room/fact-sheets/detail/obesity-and-overweight.

Wiesner, S., Haufe, S., Engeli, S., Mutschler, H., Haas, U., Luft, F. C,, et al. (2010).
Influences of normobaric hypoxia training on physical fitness and metabolic risk
markers in overweight to obese subjects. Obes. (Silver Spring) 18 (1), 116-120.
doi:10.1038/0by.2009.193

Wilkins, L. (2006). ACSM’s metabolic calculations handbook. Philadelphia:
American College of Sports Medicine.

Yang, X., He, W., Shi, D., He, Y., and Hu, Y. (2014). The effects of hypoxic exercise
on the energy intake, body composition and lipid metabolism in overweight and
obese young men. Chin. J. Sports Med. 33 (07), 638-645. doi:10.16038/j.1000-6710.
2014.07.025

Zhang, N. (2019). Effects of hypoxia and moderate intensity training
therapy on body composition and blood lipid metabolism in obese
subjects. Genomics Appl. Biol. 38 (12), 5657-5663. doi:10.13417/j.gab.038.
005657

Zhao, S., and Shi, H. (2016). Effects of hypoxic training on body composition and
endurance capacity of obese students. Chin. J. Sch. Health 37 (11), 1637-1640.
doi:10.16835/j.cnki.1000-9817.2016.11.012

Zheng, B., Wen, J., Shao, M., and Yang, J. (2020). Effects of intermittent hypoxic
training at moderate exercise intensity on body composition of College students.
J. Tonghua Normal Univ. 41 (06), 77-80. doi:10.13877/j.cnki.cn22-1284.2020.
06.014

Zoll, J., Koulmann, N., Bahi, L., Ventura-Clapier, R., and Bigard, A. X. (2003).
Quantitative and qualitative adaptation of skeletal muscle mitochondria to
increased physical activity. J. Cell. Physiol. 194 (2), 186-193. doi:10.1002/jcp.
10224

Zoll, J., Ponsot, E., Dufour, S., Doutreleau, S., Ventura-Clapier, R., Vogt, M., et al.
(2006). Exercise training in normobaric hypoxia in endurance runners. IIL
Muscular adjustments of selected gene transcripts. J. Appl. Physiology (1985) 100
(4), 1258-1266. doi:10.1152/japplphysiol.00359.2005

frontiersin.org


https://doi.org/10.1007/s40279-016-0570-5
https://doi.org/10.1007/s40279-016-0570-5
https://doi.org/10.1111/cpf.12069
https://doi.org/10.1007/s11325-007-0149-3
https://doi.org/10.1111/apha.12740
https://doi.org/10.1111/cpf.12252
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1111/ggi.13625
https://doi.org/10.1016/j.mehy.2009.10.022
https://doi.org/10.1016/j.physbeh.2019.04.027
https://doi.org/10.1123/jpah.2020-0335
https://doi.org/10.1210/clinem/dgaa345
https://doi.org/10.22374/1875-6859.14.1.5
https://doi.org/10.1007/s11033-021-06529-0
https://doi.org/10.1111/j.1753-4887.2000.tb01819.x
https://doi.org/10.1007/s13105-011-0115-1
https://doi.org/10.1016/j.metabol.2018.11.005
https://doi.org/10.1152/jappl.2001.91.1.173
https://doi.org/10.16038/j.1000-6710.2012.04.013
https://doi.org/10.16038/j.1000-6710.2012.04.013
https://doi.org/10.16470/j.csst.2006.05.023
https://doi.org/10.1096/fj.01-0944rev
https://doi.org/10.1152/jappl.1999.87.1.391
https://doi.org/10.3357/amhp.5624.2020
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1038/oby.2009.193
https://doi.org/10.16038/j.1000-6710.2014.07.025
https://doi.org/10.16038/j.1000-6710.2014.07.025
https://doi.org/10.13417/j.gab.038.005657
https://doi.org/10.13417/j.gab.038.005657
https://doi.org/10.16835/j.cnki.1000-9817.2016.11.012
https://doi.org/10.13877/j.cnki.cn22-1284.2020.06.014
https://doi.org/10.13877/j.cnki.cn22-1284.2020.06.014
https://doi.org/10.1002/jcp.10224
https://doi.org/10.1002/jcp.10224
https://doi.org/10.1152/japplphysiol.00359.2005
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.940749

	Effects of exercise training in hypoxia versus normoxia on fat-reducing in overweight and/or obese adults: A systematic rev ...
	Introduction
	Methods
	Search strategy
	Studies selection
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment
	Data synthesis and statistical analysis

	Results
	Study selection and characteristics
	Risk-of-bias assessment
	Publication bias
	Meta-analysis
	Subgroup analyses

	Discussion
	Hypoxic exercise training and normoxic exercise training effects on body composition in obese and overweight people
	Hypoxic exercise training and normoxic exercise training effects on glycometabolism and lipometabolism in obese and overwei ...

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


