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Increasing Muscle Strength and Endurance, Increasing Muscle Metabolites,
Increasing The Secretion of Angiogenic Factors and also Increasing The amount of
Anabolic Hormones such as Growth Hormone and Insulin Like Growth Factor-1
as a Result of Performing These Exercises. Has been Due to Performing These
Exercises with Different Methods such as Endurance Training with Blood Flow
Restriction and Acute and Chronic Exercises, Other Studies have reported
Conflicting Results. The study of the Effect of Training with Blood Flow
Restriction Has always been Controversial, and The Effect of Training with Blood
Flow Restriction Has not yet been fully Determined. It is This Lack of Information
that makes It Important to carry out Further Studies in The Field of Determining
The Effect of Physical Activity with Blood Flow Restriction on Physiological
Responses and Sports performance.

Materials and Methods: This Study, with The Aim of Investigating Some of The
Hormonal Adaptations of Training with Blood Flow Restriction, Studies and
Analyzes 30 Research Articles that have been Prepared from Reliable Scientific
Databases and Draws Conclusions.

Conclusion: According to The Findings of The Present Study, Blood Flow
Restriction Training Is probably a Suitable way to Increase The Levels of Growth
Hormone, Insulin Like Growth Factor-1, Lactate, and Vascular Endothelial Growth
Factor and Achieve Positive Adaptations.

Keywords: Blood Flow Restriction, Lactate, Growth Hormone, Insulin Like
Growth Factor-1, Vascular Endothelial Growth Factor
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Extended Abstract
Introduction: triction Exercises and Hormonal Responses Blood flow restriction (BFR) exercises,
also known as Katsu training, involve reducing muscle blood flow during exercise using devices like
cuffs. This technique, originating in Japan, has been shown to produce positive adaptations even with
low-intensity physical activity (10-30% of maximum power). BFR decreases oxygen flow to the
muscles, increasing the role of fast-twitch (type 2) muscle fibers, which are important for enhancing
muscle strength.
Hormones and Factors Associated with Strength and Hypertrophy
Growth Hormone (GH): Secreted by the anterior pituitary gland, GH affects body tissues. BFR
exercises promote muscle hypertrophy through various mechanisms, with GH being a primary driver
of hypertrophy and increased muscle strength. It enhances muscle protein synthesis, leading to
increased muscle mass.
Insulin-like Growth Factor-1 (IGF-1): BFR exercises increase IGF-1 concentration, which helps
increase muscle mass and strength, similar to high-intensity resistance exercises. IGF-1, secreted from
the liver, mediates GH's effects on cells, stimulating body growth and skeletal muscle development.
Lactate: A key metabolite of glycolysis, lactate is slowly released into the bloodstream at rest. During
intense activities, muscles rapidly produce lactate, increasing its intracellular concentration and
subsequent output into blood flow. Lactate is crucial for gluconeogenesis in the liver and serves as an
oxidation substrate in muscles. Lactate levels typically increase during BFR exercises, stimulating
growth hormone secretion.
Hormones and Factors Associated with Angiogenesis
Angiogenesis: This is the formation of new capillaries from existing ones, increasing muscle
capillary density. It begins with endothelial cell proliferation and migration, leading to capillary
sprouting.
Vascular Endothelial Growth Factor (VEGF): This is a potent mitogen for endothelial cells,
associated with angiogenesis in response to stimuli like hypoxia, shear stress, muscle contraction,
cytokines, hypoxia-induced factor (HIF-1), and growth hormone. Hypoxia during BFR exercises is a
key regulator of VEGF.
Research Findings
Lubres et al. (2014): Demonstrated that American football athletes who trained with blood flow
restriction 4 times a week for 7 weeks increased maximum strength in squat and chest press, as
well as muscle cross-sectional area.
Manimanakor et al. (2013): Found that female naps who performed front and back resistance
training with BFR for 5 weeks, 3 sessions a week, improved muscle strength and endurance,
muscle cross section and neuromuscular adjustment compared to a group without blood flow
restriction.
Yamanaka et al. (2012): Reported that American football athletes who underwent 4 weeks of
breast and squat resistance training with blood flow restriction 3 times a week increased maximum
power in breast and squat presses, compared to a group without blood flow restriction.
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Takada et al. (2012): Showed that endurance and speed training with blood flow restriction
enhanced endurance and metabolic stress.
Cook et al. (2014): Indicated that semi-professional rugby men who engaged in Squat, Breast
Press and Barfix resistance training three sessions per week improved maximum squat power,
breast press and jump performance with blood flow restriction.
Kim et al. (2014): Observed simultaneous increases in catabolic and anabolic hormones with
low-intensity resistance training (20% of maximum repetition) combined with blood flow
restriction.
Nasserkhani et al. (2015): Noted that a bandwidth session with blood flow restriction increased
growth hormone, insulin-1 factor, and cortisol in young girls compared to pre-exercise values.
Busereh et al. (2016): Found that growth hormone levels increased with increased pressure of
blood flow limitation.
Takarada et al. (2000): Demonstrated that frontal movement with blood flow restriction led to
higher levels of growth hormone, catacholamine, and lactic acid compared to unrestricted blood
flow.
Piterson et al. (2013): Reported that knee opening exercises with 20% of maximum repetition
and blood flow limitation increased VEGF and Interlookin-1 in the blood flow limitation group
than blood flow.
Shiamizo et al. (2016): Reported that four weeks of resistance exercise (20% of a maximum
repetition) with blood flow limited increased the serum concentration of VEGF and growth
hormone
Larkin et al. (2012): Reported that the increase in VEGF serum concentrations in elderly men
and youth in the BFR group was significantly higher than the group without blood flow
Aghaei et al. (2019): Found increased growth hormone values, VEGF, and lactate in rock
climbers training with blood stream restraint compared to those without.
Hosseini Kakhak et al. (2015): Observed a significant increase in lactate but no significant
increase in growth hormone in both exercise groups (with and without blood flow restriction).
Taylor et al. (2016): Reported that blood flow limited practice did not have a significant effect
on the expression of the VEGF gene.
Methodology
A review of studies was conducted in September and October 2023, using databases such as PubMed,
Science Direct, Med Line, SID, and Google Scholar. The search terms included "blood flow
restriction," "blood flow restriction training," and "effects of blood flow restriction." Articles from
2000 to 2023 were included.
Effects of BFR on Hormone Levels
Growth Hormone (GH): The increase in GH after moderate to high-intensity exercise is due to
increased sympathetic nervous system activity, leading to epinephrine and norepinephrine secretion
and stimulation of central adrenergic neurons. BFR-induced hypoxia also contributes to higher GH
concentrations due to metabolite accumulation. Nitric oxide (NO) also plays a role in controlling GH
release. The intensity of exercise and arterial pressure are critical factors, and differences in GH
secretion may relate to training level, body composition, gender, and age.
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Insulin-like Growth Factor (IGF-1): BFR leads to anabolic signals inside muscle cells, increasing
cell swelling, metabolic stress, and muscle fiber recruitment without significant muscle damage. IGF-
1 stimulates satellite cell proliferation, increasing the DNA-to-cytoplasm ratio and protein synthesis.
Contradictory findings regarding IGF-1 levels may be due to the delayed response of IGF-1, which
can peak up to 16 hours post-exercise, and the type of activity (aerobic vs. resistance).

Lactate: Increased lactate levels during BFR are attributed to greater muscle fiber recruitment and
reduced oxygen supply. Lactate accumulation enhances the exercise response. Hypoxia increases
metabolic pressure, causing fast-twitch muscles to be used earlier, which increases metabolite
production, particularly H+. This increase in metabolites and acidification stimulates the release of
anabolic hormones like GH.

Vascular Endothelial-Derived Growth Factor (VEGF): Local hypoxia is a primary inducer of
vascular angiogenesis via increased VEGF expression, regulated by hypoxia-inducible factor (HIF-
1). BFR exercises increase VEGF, improving oxygen delivery to muscles and capillary filtration
capacity by creating intramuscular hypoxia. Some studies however do not find changes in VEGF.

In summary, blood flow restriction exercises can be an effective method for improving muscle
strength, endurance, and hypertrophy, and for modulating various hormonal and metabolic responses.
However, results vary depending on specific protocols, populations studied, and other factors.
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