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Fig.2 BMI responses to hypoxic training under different FiO-
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Fig.3 Fat mass percentage responses to hypoxic training under different FiO:
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Subtatal (95% CI) 53 53 37.6% -6.76[-11.56,-1.97] o
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Fig. 4 Waist circumference responses to hypoxic training under different FiO-
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THAZESHTS: Chif=0.24, df=1 (P=062), 1*= 0%

JiE K 35 I (MD=-3.83, 95%CI: - 6.66~ -
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BUNB>4% 58T 25 I8 M3 N B2 5.1%, 1
SARFRUI L <14% A8 N AbIRE RN, A
U, BARWA R 22 R ARG EEE (P
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Fig. 5 Fasting glucose responses to hypoxic training under different FiO:
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0.01), TAEEMRF IR 14% IR R, AWEEE]
B (MD=-1.12, 95%CI: -3.06~2.82, P
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0.40, P=091). W #[m M xR#EEEE (P=
0.06), "PAERA AT AEEAT TE A 14 ik i 2R flE Pk el
T,



XXXX; XX (XXO

FiEE, &

: AREX MR BER N BB E R0«

H FREHL T BR I8 HIMeta sy 4T 9.

ﬂmﬁﬁ<14s
Chacaroune 2020 9.3
Ghaith 2022 125

Subtotal (95% Cl)

SR Chif=013,df=1(P=072);F=0%

41
87

EACHRASE: 7= 008 (P=084)

AR 105

Jung 2020 74
Menedez 148
Morishima 2014 7.8
Wiesner 2010 53
Yang 2018 13
F#n 2013 12.2

Subtotal (95% CI)

SRS, Chif=538,df= 6 (P=037),F=7%

29
85
438
34
6.8
6.5

BARRASY. 7= 253 (P=0.01)

Total (95% CI)

12
16
28

12
12

9
24
16
18
91

119

9.7
11.6

8
138
10
8.4

31
7.2

]
6.4

188 116
17.8 113

SRS Chif= 6.76, df= 7 (P = 0.45), F=0%
BAGIEASY. Z=2.27 (P=0.02)
TAERSE: Chi*=1.24, df= 1 (P=0.26), F=19.7%

12
16
28

12
12

24
16
18
91

119

17.3%
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Fig. 6 Fasting insulin responses to hypoxic training under different FiO-
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Fig.7 HOMA-IR responses to hypoxic training under different FiO-
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Fig. 8 TG responses to hypoxic training under different FiO-
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14% 355 (MD=- 0.11, 95%CI: - 0.25~0.02,
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Fig. 9 LDL-C responses to hypoxic training under different FiO-
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Fig. 10 HDL-C responses to hypoxic training under different FiO:
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ARG LS T AR AR BT KRz
B %F AT Bk AR AR g B = A= A5 52 M . Meta 4347 1)
ZER IR, REIZ ShRENS W B HGEIR R S  HAbE
AW DNE: 11155 =7 s PPN = Rk 282 S8 - A EAw R
PINLHI A FE 7 B, HRr K25, K
PR 8% 0 s R 5 B F la (hypoxia-
inducible factor-lo, HIF-la) {5538 H, 20k
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(IREE T A AU, w5 ) n]
RERALIAR R s n e, S8 CIhE A2 PR . R4
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T AR RSB . R TER T
TiFBe, AR B S A AR s
T 25 5 Mg BB SRRy, BT
TR A 12 A, R4 N PR A 5 AR 1 4 T i
L X Re iz s A R B2y A TR A
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A RSB IR T o (tumor necrosis factor-o, TNF-a) .
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Effects of Different Modes in Hypoxic Training on Metabolic Improvements in
Obese Individuals : a Systematic Review With Meta—analysis on Randomized
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Graphical abstract

The Effects of Different Modes in Hypoxic Training on Metabolic Improvements in Obese
Individuals : A Systematic Review with Meta-Analysis on Randomized Controlled Trail

Objective Evaluate the effects of hypoxic training at different oxygen (Hyp ORI BMI
concentrations in obese individuals and determine an optimal range. Praining .r
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Abstract This paper aimed to systematically evaluate the effects of hypoxic training at different fraction of
inspired oxygen (FiO2) on body composition, glucose metabolism, and lipid metabolism in obese individuals, and
to determine the optimal oxygen concentration range to provide scientific evidence for personalized and precise
hypoxic exercise prescriptions. A systematic search was conducted in the Cochrane Library, PubMed, Web of
Science, Embase, and CNKI databases for randomized controlled trials and pre-post intervention studies
published up to February 31, 2025, involving hypoxic training interventions in obese populations. Meta-analysis
was performed using RevMan 5.4 software to assess the effects of different fraction of inspired oxygen (FiO,<
14% vs. Fi0,>14%) on BMI, body fat percentage, waist circumference, fasting blood glucose, insulin, HOMA-IR,
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-
C), with subgroup analyses based on oxygen concentration. A total of 22 studies involving 292 participants were
included. Meta-analysis showed that hypoxic training significantly reduced BMI (mean difference (MD)= - 2.29,
95%CI: - 3.42 to - 1.17, P< 0.000 1), body fat percentage (MD= - 2.32,95%CI: - 3.16 to - 1.47,P<0.001),
waist circumference (MD= - 3.79 , 95%CI: - 6.73 to - 0.85, P=0.01), fasting blood glucose (MD= - 3.58,
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95%CI: - 6.23 to - 0.93, P=0.008), insulin (MD= - 1.60, 95%CI: -2.98 to - 0.22, P=0.02), TG (MD= - 0.18,
95%CI: - 0.25 to - 0.12, P<0.001), and LDL-C (MD= - 0.25, 95%CI: - 0.39 to - 0.11, P=0.000 3). Greater
improvements were observed under moderate hypoxic conditions with Fi0,>14%. Changes in HOMA-IR (MD= -
0.74, 95%CI: - 1.52 to 0.04, P=0.06) and HDL-C (MD= - 0.09, 95%CI: - 0.21 to 0.02, P=0.11) were not
statistically significant. Hypoxic training can significantly improve body composition, glucose metabolism, and
lipid metabolism indicators in obese individuals, with greater benefits observed under moderate hypoxia (FiO >
14%). As a key parameter in hypoxic exercise interventions, the precise setting of oxygen concentration is crucial

for optimizing intervention outcomes.
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