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Abstract

Objective: To investigate the changes in serum growth hormone (GH), testosterone, and
insulin-like growth factor | (IGF-1) during low-intensity resistance exercise under different cuff
pressures.

Methods: We performed a single-blind, cross-over design study. Twenty-five healthy young men
performed three exercise protocols as follows: 1) no blood flow restriction exercise (control
group), 2) resistance exercise at 40% of arterial occlusion pressure (AOP) (low group), and 3)
resistance exercise at 70% of AOP (high group). Blood lactate, GH, testosterone, and IGF-1 levels
were measured at four time points.

Results: There were no differences in the indices before exercise. The blood flow restriction
exercise under different pressures had different effects on each index and there was an interac-
tive effect. GH levels were significantly higher in the high group than in the other groups after
exercise. Inmediately after exercise, IGF-1 and testosterone levels were significantly higher in the
high group than in the other groups. At |5 minutes after exercise, testosterone levels were
significantly higher in the high group than in the other groups.
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Conclusions: Low-intensity resistance exercise combined with blood flow restriction effectively
increases GH, IGF-1, and testosterone levels in young men. Increasing the cuff pressure results in

greater levels of hormone secretion.
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Introduction

Blood flow restriction exercise is also
known as compression exercise or
“KAATSU”. This exercise is a training
method that blocks part of the arterial
blood flow for a certain period and allows
exercise at a lower intensity, leading to stim-
ulation of muscle growth and improved
exercise function.! The obstruction of
venous blood flow during exercise causes a
large number of metabolites to accumulate
in the body.? This accumulation results in
severely stimulated receptors of the exercise
system and the body, which leads to meta-
bolic stress and an increase in accumulation
of lactic acid.® An increase in blood lactic
acid concentrations may cause promotion
of anabolic hormone secretion, such as
growth hormone (GH), testosterone, and
insulin-like growth factor 1 (IGF-1).*>
Previous studies have shown that a
reduction in blood flow volume by 40%
to 70% using cuff pressure results in a sim-
ilar blood flow restriction.® Whether a
higher cuff pressure can increase anabolic
hormone levels by increasing lactic acid
accumulation is unclear. The secretion of
anabolic hormones is closely related to
muscle function and muscle adaptation.®’
Therefore, how the application of different
cuff pressures in low-load resistance exer-
cises affects GH and other hormones that

are closely related to muscle synthesis is an
important issue.

This study aimed to investigate the
changes in serum GH, testosterone, and
other synthetic hormone indicators that
are closely related to muscle adaptation
during low-intensity resistance exercises
with different cuff pressures in young men.
Our findings may provide coaches and
researchers with a more scientific exercise
plan and a theoretical basis for determining
what degree of blood flow restriction to use.

Methods

Participants

Twenty-five healthy male college students,
with no systematic training experience,
except for a daily physical education class,
participated in this study. Individuals with
cardiopulmonary diseases and severe
chronic diseases were excluded. Each par-
ticipant was required to fill out the
Physical Activity Readiness Questionnaire,
and if the answer to all questions was “no”,
they were allowed to participate in the
research. The experiments were undertaken
with the understanding and written consent
of each participant. The study conformed
with the Code of Ethics of the World
Medical Association (Declaration of
Helsinki), printed in the British Medical
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Journal (18 July 1964). This study was
approved by the Ethics Committee of
Zhengzhou Shengda University (approval
number: SEC202034).

Study design

We performed a single-blind, cross-over
design study. To improve the accuracy of
the test, the participants performed a pre-
test before the formal test, and practiced
each movement five times. Before formal
exercise, each participant was required to
perform one repetition maximum (1-RM)
test, then three protocols were randomly
conducted by drawing lots. The three pro-
tocols were as follows: 1) resistance exercise
without blood flow restriction (control
group); (2) resistance exercise at 40% of
arterial occlusion pressure (AOP) (low
group); and (3) resistance exercise at 70%
of AOP (high group). Each test was sepa-
rated by 72 hours. To avoid the effect of the
biological rhythm on hormones, a rhythmic
test was carried out from 2:00 pm to 4:30
pm. Elbow vein blood was collected before
exercise, immediately after exercise, 15
minutes after exercise, and 30 minutes
after exercise, to test for blood biochemical
indicators.

Maximum strength test

The participants’ 1-RM assessments were
carried out in accordance with the
American College of Sports Medicine exer-
cise prescription guidelines.® First, the par-
ticipants were required to familiarize with
the test procedure, and then perform several
knee resistance exercises as a warm-up exer-
cise. During the test, the participants select-
ed the initial weight (50%-70% of 1-RM)
according to the range of self-predictive
ability. After each test was completed, the
load was increased by 10% to 20% until the
participant was unable to complete the pre-
determined  number of  repetitions.

The same speed and joint range of motion
were maintained, and 1-RM was obtained
within four tests, with a rest period of 3
minutes between tests. The weight of the
last completed test was recorded as the
value of 1-RM.

Exercise plan

The control group used a ground exercise
intensity of 30% of 1-RM, and each test
required six sets of knee flexion and exten-
sion exercises using a sitting leg extension
exerciser (HS-LE; Life Fitness, Schiller
Park, IL, USA) and a sitting posture bend-
ing exerciser (HS-SLC; Life Fitness). The
movement modes of the two devices are
similar. For using these devices, the back
of the body should be close to the seat,
with both hands holding the handles, and
the force point of the calf to the ankle joint
should be adjusted. The concentric contrac-
tion and the eccentric contraction were 3 s
each, with each set repeated 15 times, and
the interval between sets was 1 minute. On
this basis, participants in the low and high
groups were required to wear a pneumatic
cuff with 40% and 70% of AOP (SCI2L;
Hokanson, Bellevue, WA, USA). The cuff
was straight with a nylon sleeve on the out-
side and was 12 x 124 cm in size, and was
placed on the proximal end of the legs
(approximately the upper third of the
thigh) for exercise. The cuff was perpendic-
ular to the limbs and close to the lower
limbs when tied and was removed after
completion of the exercise.’

Blood flow pressure setting

The blood flow occlusion pressures of the
participants were tested with a blood flow
restriction cuff and a Doppler probe (DV-
600; Marted, Ribeirao Preto, Sao Paulo,
Brazil) using a test method from a previous
study.'® The participants remained in the
supine position, and then the cuff was
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placed on the proximal end of their thighs
and inflated in increments of 1 mmHg to a
pressure where the arterial pulse could no
longer be detected. The lowest pressure
when the pulse disappeared was recorded
as the AOP. The left and right legs were
tested three times and the average value
was calculated.

Blood samples

Elbow venous blood was collected before
exercise, immediately after exercise, 15
minutes after exercise, and 30 minutes
after exercise. Thirty minutes after the
serum samples were collected, they were
separated from blood cells by centrifuga-
tion (3000 rpm for 15 minutes) and stored
at —80°C until further analysis. A double-
antibody sandwich enzyme-linked immuno-
sorbent assay was used to measure serum
blood lactate (BLA), IGF-1, GH, and tes-
tosterone levels.

Statistical methods

All data are expressed as mean =+ standard
deviation. The Shapiro—Wilk normality test
was used to determine the normal distribu-
tion of various index data. Two-way repeat-
ed measures analysis of variance was used to
test the changes in GH, IGF-1, BLA, and
testosterone levels at the four time points
(i.e., pre-exercise, post-exercise, 15 minutes,
and 30 minutes) in the main effects and
interaction effects in each group. If the
main effect or the interaction effect was sig-
nificant, the Newman—Keuls method was
used for multiple comparisons. Statistical
analysis was performed using IBM SPSS
version 24.0 software (IBM Corp.,
Armonk, NY, USA). P<0.05 was consid-

ered statistically significant. G*power
Version 3.1.9.2 (Heinrich-Heine-
Universitat Diisseldorf, Diisseldorf,

Germany) was used for the sample size
power test, with a post-hoc power

(probability of error 1—pf) of 0.99. We cal-
culated the effect size of each group before
and after exercise as described in a previous
study: effect size = (post-mean — pre-mean)/
pre standard deviation.'!

Results

Characteristics of the participants

The male participants had a mean age of
19.8 +2.2 years, mean height of 176.7+
5.2 cm, mean weight of 67.5+2.6 kg, and
mean body mass index of 21.8 0.8 kg/m?.

Effects of blood flow restriction exercise on BLA
levels under different pressures. There was no
significant difference in BLA levels between
the groups before exercise (Figure 1).
However, there was a difference in the
effect of blood flow restriction at different
pressures and the interaction effect was sig-
nificant (P <0.01). Furthermore, the effect
of time on BLA levels was significant
(P<0.01). Immediately and 15 minutes
after exercise, the mean BLA level in the
high group was significantly higher than
that in the low and control groups (all
P<0.01). Additionally, at these time
points, the mean BLA level in the low
group was significantly higher than that in
the control group (both P<0.01). At 30
minutes after exercise, the mean BLA level
in the high group was significantly higher
than that in the control group (P <0.05).
The effect size (%) increase in the control,

Table . Stress and load during exercise (n=25).

Item Value

I-RM (Ib) 191.4+194
30% I-RM (Ib) 57.4+58
AOP (mmHg) 1969 £ 13.2
40% AOP (mmHg) 78.8+53
70% AOP (mmHg) 137.8+9.2

Ib, pounds; I-RM, one repetition maximum; AOP, arterial
occlusion pressure.
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Figure |. Effects of blood flow restriction exer-
cise on blood lactate levels under different pres-
sures (n=25).

*P < 0.05 between the control group and the low
group; #P < 0.05 between the low group and the
high group; &P < 0.05 between the high group and
the control group.
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Figure 2. Effects of blood flow restriction exer-
cise on growth hormone levels under different
pressures (n=25).

*P < 0.05 between the control group and the low
group; #P < 0.05 between the low group and the
high group; &P < 0.05 between the high group and
the control group.

low, and high groups after exercise com-
pared with before exercise was 4.3 (106%),
15 (265%), and 25.3 (507%), respectively.

Effects of blood flow restriction exercise
on GH levels under different pressures
There was no significant difference in GH

levels between the groups before exercise
(Figure 2). However, there was a difference
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Figure 3. Effects of blood flow restriction exer-
cise on insulin-like growth factor | under different
pressures (n=25).

#P < 0.05 between the low group and the high
group; &P < 0.05 between the high group and the
control group.

on the effect of blood flow restriction at dif-
ferent pressures and the interaction effect
was significant (P <0.01). Furthermore,
the effect of time on GH levels was signifi-
cant (P<0.01). Immediately, 15 minutes,
and 30 minutes after exercise, the mean
GH level in the high group was significantly
higher than that in the low group (all
P <0.01) and that in the low group was sig-
nificantly higher than that in the control
group (all P<0.01). Additionally, the
mean GH level in the high group was signif-
icantly higher than that in the control group
after exercise at all time points (all P < 0.01).
The effect size (%) increase in the control,
low, and high groups after exercise com-
pared with before exercise was 31 (775%),
49 (980%), and 65 (1625%), respectively.

Effects of blood flow restriction exercise
on IGF-1 levels under different pressures

There was no significant difference in IGF-
1 levels between the groups before exercise
(Figure 3). However, there was a difference
in the effect of blood flow restriction at dif-
ferent pressures and the interaction effect
was significant (P < 0.05). Furthermore,
the effect of time on IGF-1 levels was
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significant (P <0.01). Immediately after
exercise, the mean IGF-1 level in the high
group was significantly higher than that in
the low and control groups (both P < 0.01).
There was no significant difference in the
mean IGF-1 level between the groups at
the other time points. The effect size (%)
increase in the control, low, and high
groups after exercise compared with
before exercise was 0.3 (2%), 0.6 (4%),
and 1.8 (11%), respectively.

Effects of blood flow restriction exercise
on testosterone levels under different
pressures

There was no significant difference in tes-
tosterone levels between the groups before
exercise (Figure 4). However, there was a
difference in the effect of blood flow restric-
tion at different pressures and the interac-
tion effect was significant (P <0.05).
Furthermore, the effect of time on testoster-
one levels was significant (P=0.018).
Immediately after exercise, the mean testos-
terone level in the high group was signifi-
cantly higher than that in the low group
(P <0.05), and that in the low group was
significantly higher than that in the control
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Figure 4. Effects of blood flow restriction exer-
cise on testosterone levels under different pres-
sures (n=25).

*P < 0.05 between the control group and the low
group; #P < 0.05 between the low group and the
high group; &P < 0.05 between the high group and
the control group.

group (P <0.01). At 15 minutes after exer-
cise, the mean testosterone level in the high
group was significantly higher than that in
the low and control groups (both P < 0.01).
There was no significant difference in the
mean testosterone level between each
group at 30 minutes after exercise. The
effect size (%) increase in the control, low,
and high groups after exercise compared
with before exercise was 0.3 (4%), 1.1
(15%), and 2.2 (25%), respectively.

Discussion

This study investigated the effects of low-
intensity resistance exercise combined with
blood flow restriction under different pres-
sures on the muscle growth-promoting hor-
mones in healthy men. In previous studies
on blood flow restriction training, a fixed
value of cuff pressure was often used for
training, but this resulted in a lack of indi-
vidualization and appropriate cuff pres-
sure.® Blood pressure and blood flow in
each person are heterogeneous. Some stud-
ies have proposed that the relative cuff pres-
sure can be used to standardize the pressure
of blood flow restriction.'” This standardi-
zation enables the degree of blood vessel
obstruction to be relatively consistent in
each participant, and this allows easier per-
formance of quantitative training to evalu-
ate the training effects. Participants in our
study completed all tests and no adverse
events occurred. This study showed that
higher pressure blood flow restriction
effectively stimulated the secretion of
muscle-increasing  synthetic ~ hormones.
Comparison of the three groups suggested
that the amount of hormone secretion was
associated with the pressure of blood flow
restriction. To the best of our knowledge,
no studies have compared the acute effects
of different cuff pressures on muscle gain-
related hormones. This study showed that
under pressure, GH, IGF-1, and testoster-
one levels were significantly higher than
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those in a non-pressurized condition, which
is consistent with a previous study.'> When
we compared the three different pressuriza-
tion protocols, we found that all of the mea-
sured hormones increased with increasing
pressure.

GH and BLA

GH plays a synthetic role by promoting
muscle and bone growth and development.
Studies have shown that low-intensity resis-
tance exercise combined with blood flow
restriction effectively increases circulating
GH levels in young people.!® Takarada
et al. '* reported that GH levels were
increased by 290 times after blood flow
restriction resistance exercise of knee joint
extension in five groups. This increase is
approximately 28 times higher than that in
our study (the high group was approximate-
ly 28 times higher, the low group was
approximately 18 times higher, and the con-
trol group was approximately 14 times
higher) and that reported by Pierce et al.'’
is even higher. We also found that GH
levels may peak at 15 to 30 minutes,
which is consistent with previous studies.'”
Additionally, GH levels in the high group
were higher than those in the low and con-
trol groups, which may have been due to
increased metabolic stress. Resistance exer-
cise itself can result in a certain amount of
metabolic stress, and blood flow restriction
can further increase this metabolic stress to
stimulate the accumulation of metabolites
and increase the secretion of GH.* GH
can also promote muscle growth and
increase muscular adaptation with media-
tion by IGF-1."? Therefore, an increase in
GH levels during exercise may also affect
the body’s IGF-1 levels to a certain extent.

In this study, BLA levels showed a sim-
ilar trend as GH levels (high group >low
group > control group). Blood flow restric-
tion significantly increased BLA levels (the
high group was approximately six times

higher, the low group was approximately
four times higher, and the control group
was approximately times higher).

IGF-1

IGF-1, similar to GH, plays an important
role in cell growth, but the acute response
of resistance exercise to IGF-1 is still con-
troversial. Some studies have shown that
after low-intensity blood flow restriction
exercise, serum IGF-1 levels are significant-
ly increased,'® but this finding is in contrast
to that in a study by Fujita et al. '’. In our
study, the mean IGF-1 level in the high
group was significantly higher than that in
the other groups immediately after exercise.
However, there was no significant differ-
ence in the mean IGF-1 level between the
low and control groups, which suggested
that 40% of AOP may not effectively
affect the body’s IGF-1 levels. Although
circulating GH levels in the body can stim-
ulate the liver to secrete IGF-1,'"® a sharp
increase in IGF-1 levels is unlikely to be due
to secretion of GH after exercise. This study
showed that low-pressure blood flow
restriction caused a significant increase in
GH levels, but did not affect IGF-1 levels.
Therefore, the reason for the increase in
IGF-1 levels in the high group in this
study is currently unclear. We speculate
that IGF-1 secretion requires a pressure
threshold and can be activated when that
threshold is reached. The effect of blood
flow restriction on IGF-1 levels still
requires further studies.

Testosterone

Testosterone is a type of steroid that is
derived from cholesterol and plays an
important role in promoting muscle
growth and synthesis. Testosterone also
reduces muscle protein breakdown by
inhibiting ubiquitin secretion and it has an
anti-cortisol response.'”* In this study, the
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level of testosterone secreted by the body
gradually increased as the cuff pressure
increased, which may have been due to the
excessive pressure in the high group causing
vascular occlusion of the moving limbs.
Increased testosterone levels could have
been caused by increased BLA levels.
Lactic acid increases the production of
cAMP in rat interstitial cells and stimulates
the secretion of testosterone,”’*> while
blood flow restriction effectively promotes
the secretion of catecholamines.”

Limitations and outlook

There are many limitations to this study.
First, the participating population was rel-
atively single and only included young men.
Therefore, whether our conclusions can be
transferred to other populations is
unknown. Additionally, this study failed
to fully examine catecholamines and other
stress hormones, and the results of this
study can only be explained in a deductive
form. Other studies have shown that exer-
cise increases AOP and AOP at rest is pos-
itively correlated with AOP after exercise.”’
Therefore, actual AOP during exercise may
not be equal to the value measured before
exercise, but due to current technical limi-
tations, such as a failure to maintain the
dynamic constant of the relative pressure
of the cuff during exercise. Additionally,
because AOP is tested in the supine posi-
tion, it is different from the sports posture,
which may cause errors in the actual AOP.
Furthermore, whether an increase in syn-
thetic hormones after exercise directly
causes muscle hypertrophy is unclear.
Some studies have shown that an increase
in synthetic hormones cannot cause muscle
hypertrophy.>*?> Other studies have shown
that an increase in synthetic hormones
improves muscle fitness.®” This inconsisten-
cy among studies hinders further interpre-
tation of the results. In future studies,
possible differences in the application of

blood flow restriction in different popula-
tions should be further explored. The
long-term effects of different types of
blood flow restriction training should also
be investigated. This information could
provide coaches with more diverse exercise
prescription options.

Conclusion

Low-intensity resistance exercise combined
with blood flow restriction effectively
increases GH, IGF-1, and testosterone
levels in young men, and increasing the
cuff pressure results in greater levels of hor-
mone secretion. Low-intensity resistance
exercise with blood flow restriction
increases the anabolic potential of young
men following exercise owing to an eleva-
tion in GH, IGF-1, and testosterone levels.
Whether there is a direct association
between changes in anabolic hormones
and muscle hypertrophy in long-term train-
ing still needs to be investigated.
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