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Abstract

Background: The traditional resistance training is the most effective way known to increase muscle mass. However, high-intensity
resistance training may be difficult for some individuals and specific groups. In addition, most people are not encouraged to engage
in high-intensity resistance training. Therefore, an alternative intervention is needed to solve this problem.
Objectives: The aim of this study was to compare the acute hormonal responses to high and low-intensity resistance exercise with
blood flow restriction in young wrestlers.
Methods: Thirty young wrestlers (age: 16.51± 2.1 years, weight: 53.23± 7.13 kg, height: 165.14± 8.42 cm, body mass index (BMI): 18.64
± 1.35 kg/m2) participated in a quasi-experimental research. The subjects were randomly divided into three groups of resistance
training: Low-intensity (LI), high-intensity (HI), and low-intensity with blood flow restriction (LI-BFR). The training protocol included
three exercises: Leg extension, arm curl, and bench press. Blood samples were collected before and 30 minutes after the training
sessions.
Results: The results showed that the creatine kinase level in the HI group, as well as the cortisol level in the HI and LI-BFR groups, in-
creased significantly after resistance training (P < 0.05). In addition, testosterone/cortisol ratio decreased significantly in all groups
(P < 0.05). However, testosterone levels did not change significantly in any groups (P > 0.05).
Conclusions: Based on the results of the present study, it can be concluded that blood flow restriction training with the same an-
abolic effects, lower muscle damage index, less fatigue, and lower intensity is a better choice for training compared to high-intensity
resistance training.
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1. Background

Today, the science of training and conditioning of ath-
letes is in progress along with the other sciences. Sports
scientists are looking for new ways to raise the level of
athletes’ performance. Meanwhile, resistance training is
always used as one of the methods for increasing the
strength, endurance, and hypertrophy in athletes in dif-
ferent fields (1). It has been reported that resistance train-
ing improves strength and power in young athletes (2, 3).
However, there are major concerns about doing resistance
training by the youth. On the one hand, the probability
of musculoskeletal injuries due to intense exercise train-
ing and on the other hand, the inability to perform intense
training by special age groups such as children and the el-
derly (4) have led sports scientists to seek new ways to in-
crease the level of athletes fitness.

In recent years, the use of less intense exercises with

blood flow restriction (BFR) has been considered an alter-
native training method (5). The training with blood flow
restriction is a type of resistance training that increases the
strength and muscle mass despite its low intensity (20% -
50% of one-repetition maximum (1RM)) compared to tra-
ditional resistance training (more than 70% of 1RM). This
type of low-intensity resistance training restricts blood
flow to active muscles by compressing the tissue and avoid-
ing the use of heavy loads and exerts stress to create hy-
pertrophy and increase strength; therefore, it can be an ac-
ceptable alternative to intense resistance training (6).

Several studies have investigated the effect of resis-
tance training on hormonal responses. They have focused
on hormones involved in growth and tissue repair (testos-
terone, growth hormone, and insulin-like growth factor)
and stress response (cortisol and catecholamines) (1). The
functions of these hormones have been investigated in
various studies, demonstrating an important role in the
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physiological processes of growth and development, body
metabolism, and regeneration (7-9). Chen et al. investi-
gated the effect of vibration training with blood flow re-
striction on neuromuscular and hormonal responses (10).
They reported that BFR exercise largely increased the level
of muscle activity and metabolic responses, with no effect
on hormonal responses. A study conducted by Reeves et
al. showed that the response of free testosterone and total
testosterone to resistance training with blood flow restric-
tion was not significantly different from that of traditional
strength training (three sets of single-arm biceps curls and
three sets of single-leg calf extensions) (8). Other stud-
ies investigated the cortisol response to resistance train-
ing with blood flow restriction and reported no significant
difference when compared to traditional strength train-
ing (7, 11, 12). In addition, after acute resistance exercise
with blood flow restriction, no significant increase was ob-
served in serum creatine kinase (CK) (13).

It has been shown that high loads are required for sig-
nificant adaptation in resistance exercises (to at least 70%
of 1RM) (14). However, evidence suggests that blood flow
restriction (BFR) combined with low-load resistance exer-
cise increases the level of physical fitness and strength of
individuals. Based on the knowledge of the authors and a
review of the literature about resistance training, it seems
that no study has been conducted on obstructive train-
ing and its comparison with resistance training in young
wrestlers. In addition, the results of research on tradi-
tional resistance training are somewhat contradictory, and
there is a need for further research in this area. Performing
new and more effective training techniques can be useful
in preventing the waste of time, cost, and energy of ath-
letes and will have better results.

2. Objectives

Therefore, the purpose of the present study was to
compare the acute hormonal responses to high and low-
intensity resistance training with blood flow restriction in
young wrestlers.

3. Methods

This research was carried out in a semi-experimental
and experimental design with pretest and posttest mea-
sures. A total number of 30 young wrestlers (age: 16.51 ±
2.1 years, weight: 53.23 ± 7.13 kg, height: 165.14 ± 8.42 cm,
body mass index (BMI): 18.64± 1.35 kg/m2) voluntarily par-
ticipated in the present study. The subjects were randomly
divided into three groups of resistance training: High-
intensity (HI, 10 subjects), low-intensity with blood flow

restriction (LI-BFR, 10 subjects), and low-intensity without
blood flow restriction (LI, 10 subjects). The criteria for en-
tering the study were the lack of regular exercise and no
use of supplements in the last six months and the absence
of musculoskeletal, cardiac, and infectious diseases con-
firmed by a physician. The athletes’ diet was also con-
trolled 24 hours before the test to prevent caffeine con-
sumption. The subjects were also asked to do no physical
activity 24 hours before the main test. The study was ap-
proved by the research ethics committee of the University
of Tehran.

In the first session, the subjects’ individual informa-
tion including age, height, weight, and BMI were mea-
sured and the subjects were familiarized with the study
procedure. All the subjects gave their written consent
for participation in the study. Three days later, 1RM was
measured in three exercises (arm curl, knee extension,
and bench-press). The interval between the maximum dy-
namic strength test and the main test was at least one
week. In addition, blood samples were collected once be-
fore the beginning and again after the completion of the
exercises.

The submaximal test was used to measure the maxi-
mum strength of the subjects. If a person performed more
than 10 repetitions, he would rest prior to performing the
next set with a higher load. The Brzycki formula [1RM =
weight (kg) × (1.0278 - (0.0278 × repetitions)] was used to
calculate the maximal strength based on the submaximal
repetitions (15). Blood samples were withdrawn from the
middle cubital vein by a laboratory technician for the de-
termination of blood CK, Testosterone, Cortisol, and T/C ra-
tio. The serum levels of the factors were measured by the
ELISA method (IBL international GMPH kit, Germany) and
ELISA reader (StatFax, 4200, USA).

To determine the partial occlusion, blood pressure was
measured at 8:00 to 9:00 a.m. in the supine position. Blood
pressure restriction was set at 20 mmHg below systolic
blood pressure in arms while it was chosen as 20 mmHg
higher than the systolic blood pressure in thighs (16, 17).
A blood pressure cuff (Model HS 201Q1, Easy Life Co.) was
used to restrict blood flow. An oximeter (Beurer PO30 Pulse
Oximeter, Germany) was used after each series to ensure
the maximum blood flow was not completely interrupted.
If the oximeter detected no pulse on the finger, the cuff
pressure was reduced by 5 - 10 mmHg.

3.1. Exercise Interventions

The session of strength training exercise consisted of
elbow flexion, knee extension, and bench press. The sub-
jects were asked to refer to the laboratory between 8:00
and 10:00 a.m. After the initial warm-up of two sets of 15
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repetitions with 50% of 1RM for each exercise (training vol-
ume was the same in all groups [(30 + 15 + 15 + 15) × 30%
1RM = (10 + 10 + 10) × 75% 1RM], all groups performed the
training protocol as shown in Tables 1 and 2.

3.2. Statistical Analysis

All descriptive data are expressed as means ± SD. The
normal distribution of pretest data was checked using the
Kolmogorov-Smirnov test. The correlation t-test was used
to examine intra-group variations and one-way ANOVA
with LSD post hoc test to examine the between-group dif-
ferences. The Cohen’s D test was used to estimate the ef-
fect size; a value of less than 0.2 indicated a negligible ef-
fect size, between 0.2 and 0.5 a small effect size, between
0.5 and 0.8 a moderate effect size, and greater than 0.8 a
large effect size. The statistical analysis was conducted us-
ing SPSS 22.0 for Windows.

4. Results

Individuals’ information including age, weight,
height, and BMI is presented in Table 3. Table 4 reports
the levels of creatine kinase, testosterone, cortisol, and
testosterone/cortisol ratio in pretest and posttest.

The results showed that the level of CK in response to
one session of resistance training increased only in the HI
group (P = 0.005), but not in the LI-BFR (P = 0.072) and
LI (P = 0.274) groups. In addition, the results of post hoc
test showed that CK changes were significantly different
between the HI and groups LI (P = 0.001), LI-BFR and LI
groups (P = 0.02), and HI and LI-BFR groups (P = 0.043). The
changes in the testosterone level were not significant in re-
sponse to one resistance session in the HI (P = 0.653), LI-BFR
(P = 0.203), and LI (P = 0.281) groups. In addition, the results
showed no significant difference in testosterone changes
between the groups (P = 0.253). The results also showed
that the cortisol level significantly increased in response to
one resistance session in the HI (P = 0.025) and LI-BFR (P =
0.017) groups, but not in the LI group (P = 0.505). In addi-
tion, the results of the post hoc test showed that cortisol
changes were significantly different between the HI and LI
(P = 0.008) and LI-BFR and LI (P = 0.023) groups; however,
there was no significant difference between the HI and LI-
BFR groups (P = 0.264). The results of this study showed
that T/C ratio in response to one resistance session signif-
icantly increased in the HI (P = 0.001), LI-BFR (P = 0.002),
and LI (P = 0.11) groups. In addition, the results of the post
hoc test showed that T/C changes were significantly differ-
ent between the HI and LI groups (P = 0.001) and LI-BFR and
LI groups (P = 0.02), but the difference was not significant
between the HI and LI-BFR groups (P = 0.063).

5. Discussion

The results of the present study showed that HI train-
ing caused a greater increase in the CK level (18.61%) when
compared to IL-BFR (2.63%) and LI training (1.32%). The ele-
vated blood CK levels may indicate myopathy or exercise-
induced muscle damage (18). Excessive exercise and eccen-
tric muscle contractions often cause damage to the sar-
comere. A sudden increase in CK occurs when sarcolemma
and Z-line are damaged (19). The studies showed that ex-
ercise could increase circulating CK in adolescents (20-22).
In another study, Brancaccio et al. showed a significant in-
crease in CK in a strength-training group and suggested
that these elevated levels were probably associated with ex-
ercise intensity (18). In addition, in research by Pullinen
et al. no significant increase in CK was reported in ado-
lescent subjects that performed a low-intensity resistance-
training program (23). Moreover, Pope et al. did not ob-
serve any significant increases in serum CK after resistance
training with blood flow restriction in adult males (13),
which was probably due to less mechanical stress induced
by BFR training. The results of the present study are consis-
tent with these studies.

The results showed that resistance exercise increased
testosterone levels in IL-BFR and HI groups (by 13.98% and
25.03%, respectively) and decreased testosterone levels in
the LI group (by 3.33%). A possible reason for the acute in-
crease of testosterone in low-intensity exercise with blood
flow restriction may include the increased lactate and
catecholamine concentration (both indicators usually in-
crease with this type of exercise) (13). In line with the
present study, Fujita et al. investigated the effect of low-
intensity exercise training with blood flow restriction on
muscle protein synthesis and reported a significant in-
crease in testosterone levels in response to four sets (30 – 15
– 15 - 15) of knee extension exercise with blood flow restric-
tion (20% of 1RM), but this increase was not significant (24).

Kraemer and Ratamess reported that the acute testos-
terone response to resistance training varies depending
on the intensity or volume of exercise (7). Small and non-
significant increases in this hormone are probably due to
a failure to respond or fewer responses in adolescent boys
due to the smaller size of the testicles, less or different Ley-
dig cells (24), or less coordination in the hypothalamic-
pituitary-gonad axis in this age group (25). Pullinen et al.
reported the increased level of testosterone after acute re-
sistance exercise in adolescent boys, but this increase was
not significant (23). It should be noted that these con-
tradictory observations in the acute testosterone response
to resistance training are due to variations in the inten-
sity and volume of exercise (7, 25). Moreover, Reeves et
al. showed that the response of testosterone to resistance
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Table 1. Exercise Interventions in the HI Group

Exercise Sets Repetitions Rest Between Sets, min Rest Between Exercises, min

Bench press 3 10 - 10 - 10 2 5

Knee extension 3 10 - 10 - 10 2 5

Elbow flexion 3 10 - 10 - 10 2 5

Table 2. Exercise Interventions in the LI-BFR and LI Groups

Exercise Sets Repetition Rest Between Sets, s Rest Between Exercises, s

Bench press 4 30 - 15 - 15 - 15 45 3

Knee extension 4 30 - 15 - 15 - 15 45 3

Elbow flexion 4 30 - 15 - 15 - 15 45 3

Table 3. Individual Information of Subjects

Groups Age, y Height, cm Weight, kg BMI, kg/m2

HI 17.58 ± 1.23 164.02 ± 4.57 55.24 ± 3.68 17.94 ± 1.87

LI-BFR 16.36 ± 1.12 169.09 ± 4.17 58.49 ± 2.47 18.03 ± 1.21

LI 17.49 ± 1.79 165.13 ± 6.43 56.22 ± 3.14 18.23 ± 1.76

Table 4. The Levels of Variables in Pretest and Posttest in All Groups

Groups Pretest Posttest P Value of Intergroup Cohen’s d Percentage Changes P Value of Between Groups

CK, U/L 0.001

HI 219.12 ± 4.63 269.23 ± 6.13a , b 0.005 9.22 18.61

LI-BFR 218.42 ± 2.12 224.34 ± 8.27c , d 0.072 0.98 2.63

LI 217.54 ± 8.87 220.46 ± 10.67 0.274 0.39 1.32

Testosterone, ng/mL 0.253

HI 2.55 ± 0.58 2.65 ± 0.74 0.653 0.01 3.77

LI-BFR 2.46 ± 0.43 2.86 ± 0.65 0.203 0.72 13.98

LI 2.70 ± 0.89 2.61 ± 0.55 0.281 0.12 -3.33

Cortisol, ng/mL 0.017

HI 142.35 ± 23.31 221.49 ± 33.48a , c 0.025 2.74 35.73

LI-BFR 141.78 ± 19.16 209.33 ± 45.71a , d 0.017 1.92 32.26

LI 144.32 ± 33.12 148.89 ± 65.81 0.505 0.08 3.06

T/C Ratio 0.002

HI 1.79 ± 0.07 1.19 ± 0.08a , b 0.001 2.98 -33.51

LI-BFR 1.73 ± 0.03 1.36 ± 0.06a , d 0.002 2.80 21.38

LI 1.87 ± 0.12 1.75 ± 0.1a 0.011 1.08 -6.41

a A significant difference between pretest and posttest.
b A significant difference between HI and LI groups.
c A significant difference between HI and LI-BFR groups.
d A significant difference between LI-BFR and LI groups.

training with blood flow restriction was slightly higher
compared to the traditional resistance training in elderly
men, but this difference was not significant (8).

The results showed that serum cortisol levels increased

after resistance exercise in the HI (35.73%), LI-BFR (32.26%),
and LI (3.06%) groups. Cortisol increases protein break-
down and decreases protein synthesis in skeletal muscle
(7). In resistance exercise, the catabolic role of cortisol
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is considerable (26). In addition, the acute response of
cortisol to exercise is generally an exercise-induced stress
response (7); therefore, it should be noted that the non-
significant increase of cortisol in the LI group and the sig-
nificant increase in the other groups could be related to
a difference in the intensity of exercise. Most studies re-
ported a similar increase in cortisol levels after a resistance
training session (25). Reeves et al. (8) and Kon et al. (9)
reported that there were no significant differences in the
cortisol response to resistance training with blood flow
restriction and traditional resistance training. More in-
creases in cortisol levels in response to exercise in adoles-
cents might be the result of a stronger stress response (23,
27), as well as higher metabolic stress in this age (28).

The results of the study showed that the T/C ratio de-
creased in the HI and LI groups (2.80 and 1.08%, respec-
tively), but it increased in the LI-BFR group (2.80%). The T/C
ratio is used as an index of the anabolic or catabolic state
of skeletal muscles in resistance training (7). It has been
shown that high volume training programs are more suit-
able than single-set programs when a significant increase
in the T/C ratio is desired (26). A higher catabolic response
(cortisol level) and less anabolic response (testosterone
level) show low hypertrophic adaptation in response to re-
sistance training in adolescents compared to adults (25).

5.1. Conclusions
In general, the present study showed that one session

of low-intensity training with blood flow restriction in-
creases testosterone levels more than high-intensity resis-
tance training does; however, the cortisol response is sim-
ilar in the two programs, which shows a higher T/C ra-
tio and the anabolic state in LI-BFR training. Additionally,
low-intensity training with blood flow restriction shows a
lower cell injury index. Based on the results of the present
study, it can be concluded that blood flow restriction train-
ing with the same anabolic effect, lower muscle damage in-
dex, less fatigue, and lower intensity is a better choice for
training compared to high-intensity resistance training.

Footnotes

Conflict of Interests: The authors confirm that there is
no known conflict of interests associated with this publi-
cation.

Ethical Considerations: The study was approved by the
Research Ethics Committee of the University of Tehran.
247-31IR.

Funding/Support: There has been no significant financial
support for this work that could have influenced its out-
come.

References

1. Lee S, Deldin AR, White D, Kim Y, Libman I, Rivera-Vega M, et al. Aer-
obic exercise but not resistance exercise reduces intrahepatic lipid
content and visceral fat and improves insulin sensitivity in obese
adolescent girls: A randomized controlled trial. Am J Physiol En-
docrinol Metab. 2013;305(10):E1222–9. doi: 10.1152/ajpendo.00285.2013.
[PubMed: 24045865]. [PubMed Central: PMC3840217].

2. Faigenbaum AD, Kraemer WJ, Blimkie CJ, Jeffreys I, Micheli LJ, Nitka
M, et al. Youth resistance training: Updated position statement paper
from the national strength and conditioning association. J Strength
Cond Res. 2009;23(5 Suppl):S60–79. doi: 10.1519/JSC.0b013e31819df407.
[PubMed: 19620931].

3. Kraemer WJ, Fry AC, Warren BJ, Stone MH, Fleck SJ, Kearney JT, et al.
Acute hormonal responses in elite junior weightlifters. Int J Sports
Med. 1992;13(2):103–9. doi: 10.1055/s-2007-1021240. [PubMed: 1555898].

4. Dahab KS, McCambridge TM. Strength training in children and
adolescents: Raising the bar for young athletes? Sports Health.
2009;1(3):223–6. doi: 10.1177/1941738109334215. [PubMed: 23015875].
[PubMed Central: PMC3445252].

5. Manini TM, Clark BC. Blood flow restricted exercise and skele-
tal muscle health. Exerc Sport Sci Rev. 2009;37(2):78–85. doi:
10.1097/JES.0b013e31819c2e5c. [PubMed: 19305199].

6. Patterson SD, Ferguson RA. Increase in calf post-occlusive blood
flow and strength following short-term resistance exercise train-
ing with blood flow restriction in young women. Eur J Appl Phys-
iol. 2010;108(5):1025–33. doi: 10.1007/s00421-009-1309-x. [PubMed:
20012448].

7. Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to
resistance exercise and training. Sports Med. 2005;35(4):339–61. doi:
10.2165/00007256-200535040-00004. [PubMed: 15831061].

8. Reeves GV, Kraemer RR, Hollander DB, Clavier J, Thomas C, Fran-
cois M, et al. Comparison of hormone responses following light
resistance exercise with partial vascular occlusion and moderately
difficult resistance exercise without occlusion. J Appl Physiol (1985).
2006;101(6):1616–22. doi: 10.1152/japplphysiol.00440.2006. [PubMed:
16902061].

9. Kon M, Ikeda T, Homma T, Suzuki Y. Effects of low-intensity resis-
tance exercise under acute systemic hypoxia on hormonal responses.
J Strength Cond Res. 2012;26(3):611–7. doi: 10.1519/JSC.0b013e3182281c69.
[PubMed: 22310510].

10. Chen WC, Wu CM, Cai ZY. Effect of one bout of local vibration exer-
cise with blood flow restriction on neuromuscular and hormonal re-
sponses. Physiol Int. 2018;105(2):166–76. doi: 10.1556/2060.105.2018.2.9.
[PubMed: 29975125].

11. Manini TM, Yarrow JF, Buford TW, Clark BC, Conover CF, Borst SE.
Growth hormone responses to acute resistance exercise with vascular
restriction in young and old men.GrowthHorm IGFRes. 2012;22(5):167–
72. doi: 10.1016/j.ghir.2012.05.002. [PubMed: 22727808]. [PubMed Cen-
tral: PMC3915940].

12. Madarame H, Sasaki K, Ishii N. Endocrine responses to upper- and
lower-limb resistance exercises with blood flow restriction. Acta
Physiol Hung. 2010;97(2):192–200. doi: 10.1556/APhysiol.97.2010.2.5.
[PubMed: 20511128].

13. Pope ZK, Willardson JM, Schoenfeld BJ. Exercise and blood
flow restriction. J Strength Cond Res. 2013;27(10):2914–26. doi:
10.1519/JSC.0b013e3182874721. [PubMed: 23364292].

14. Scott BR, Loenneke JP, Slattery KM, Dascombe BJ. Exercise with
blood flow restriction: An updated evidence-based approach for en-
hanced muscular development. Sports Med. 2015;45(3):313–25. doi:
10.1007/s40279-014-0288-1. [PubMed: 25430600].

Ann Mil Health Sci Res. 2019; 17(1):e86452. 5

http://dx.doi.org/10.1152/ajpendo.00285.2013
http://www.ncbi.nlm.nih.gov/pubmed/24045865
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3840217
http://dx.doi.org/10.1519/JSC.0b013e31819df407
http://www.ncbi.nlm.nih.gov/pubmed/19620931
http://dx.doi.org/10.1055/s-2007-1021240
http://www.ncbi.nlm.nih.gov/pubmed/1555898
http://dx.doi.org/10.1177/1941738109334215
http://www.ncbi.nlm.nih.gov/pubmed/23015875
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3445252
http://dx.doi.org/10.1097/JES.0b013e31819c2e5c
http://www.ncbi.nlm.nih.gov/pubmed/19305199
http://dx.doi.org/10.1007/s00421-009-1309-x
http://www.ncbi.nlm.nih.gov/pubmed/20012448
http://dx.doi.org/10.2165/00007256-200535040-00004
http://www.ncbi.nlm.nih.gov/pubmed/15831061
http://dx.doi.org/10.1152/japplphysiol.00440.2006
http://www.ncbi.nlm.nih.gov/pubmed/16902061
http://dx.doi.org/10.1519/JSC.0b013e3182281c69
http://www.ncbi.nlm.nih.gov/pubmed/22310510
http://dx.doi.org/10.1556/2060.105.2018.2.9
http://www.ncbi.nlm.nih.gov/pubmed/29975125
http://dx.doi.org/10.1016/j.ghir.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/22727808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3915940
http://dx.doi.org/10.1556/APhysiol.97.2010.2.5
http://www.ncbi.nlm.nih.gov/pubmed/20511128
http://dx.doi.org/10.1519/JSC.0b013e3182874721
http://www.ncbi.nlm.nih.gov/pubmed/23364292
http://dx.doi.org/10.1007/s40279-014-0288-1
http://www.ncbi.nlm.nih.gov/pubmed/25430600
http://ajaums.com


Eslami R et al.

15. Colado JC, Tella V, Triplett NT, Gonzalez LM. Effects of a short-
term aquatic resistance program on strength and body composi-
tion in fit young men. J Strength Cond Res. 2009;23(2):549–59. doi:
10.1519/JSC.0b013e31818eff5d. [PubMed: 19204568].

16. Dorneles GP, Colato AS, Galvao SL, Ramis TR, Ribeiro JL, Romao PR,
et al. Acute response of peripheral CCr5 chemoreceptor and NK
cells in individuals submitted to a single session of low-intensity
strength exercise with blood flow restriction. Clin Physiol Funct Imag-
ing. 2016;36(4):311–7. doi: 10.1111/cpf.12231. [PubMed: 25643617].

17. Goldfarb AH, Garten RS, Chee PD, Cho C, Reeves GV, Hollander DB, et
al. Resistance exercise effects on blood glutathione status and plasma
protein carbonyls: Influence of partial vascular occlusion. Eur J Appl
Physiol. 2008;104(5):813–9. doi: 10.1007/s00421-008-0836-1. [PubMed:
18661144].

18. Brancaccio P, Maffulli N, Buonauro R, Limongelli FM. Serum enzyme
monitoring in sports medicine. Clin Sports Med. 2008;27(1):1–18. vii.
doi: 10.1016/j.csm.2007.09.005. [PubMed: 18206566].

19. Brancaccio P, Lippi G, Maffulli N. Biochemical markers of
muscular damage. Clin Chem Lab Med. 2010;48(6):757–67. doi:
10.1515/CCLM.2010.179. [PubMed: 20518645].

20. Webber LM, Byrnes WC, Rowland TW, Foster VL. Serum creatine ki-
nase activity and delayed onset muscle soreness in prepubescent chil-
dren: A preliminary study. Pediatric Exercise Science. 1989;1(4):351–9.
doi: 10.1123/pes.1.4.351.

21. Soares JMC, Mota P, Duarte JA, Appell HJ. Children are less sus-
ceptible to exercise-induced muscle damage than adults: A pre-
liminary investigation. Pediatric Exercise Science. 1996;8(4):361–7. doi:
10.1123/pes.8.4.361.

22. Marginson V, Rowlands AV, Gleeson NP, Eston RG. Comparison of

the symptoms of exercise-induced muscle damage after an initial
and repeated bout of plyometric exercise in men and boys. J Appl
Physiol (1985). 2005;99(3):1174–81. doi: 10.1152/japplphysiol.01193.2004.
[PubMed: 15817716].

23. Pullinen T, Mero A, Huttunen P, Pakarinen A, Komi PV. Resis-
tance exercise-induced hormonal response under the influence
of delayed onset muscle soreness in men and boys. Scand J Med
Sci Sports. 2011;21(6):e184–94. doi: 10.1111/j.1600-0838.2010.01238.x.
[PubMed: 21039902].

24. Fujita S, Abe T, Drummond MJ, Cadenas JG, Dreyer HC, Sato Y,
et al. Blood flow restriction during low-intensity resistance exer-
cise increases S6K1 phosphorylation and muscle protein synthe-
sis. J Appl Physiol (1985). 2007;103(3):903–10. doi: 10.1152/japplphys-
iol.00195.2007. [PubMed: 17569770].

25. Crewther B, Keogh J, Cronin J, Cook C. Possible stimuli for strength
and power adaptation: Acute hormonal responses. Sports Med.
2006;36(3):215–38. doi: 10.2165/00007256-200636030-00004.
[PubMed: 16526834].

26. Behm DG, Faigenbaum AD, Falk B, Klentrou P. Canadian society
for exercise physiology position paper: Resistance training in chil-
dren and adolescents. Appl Physiol Nutr Metab. 2008;33(3):547–61. doi:
10.1139/H08-020. [PubMed: 18461111].

27. Park S, Kim JK, Choi HM, Kim HG, Beekley MD, Nho H. Increase in
maximal oxygen uptake following 2-week walk training with blood
flow occlusion in athletes. Eur J Appl Physiol. 2010;109(4):591–600. doi:
10.1007/s00421-010-1377-y. [PubMed: 20544348].

28. Loenneke JP, Wilson GJ, Wilson JM. A mechanistic approach to blood
flow occlusion. Int J Sports Med. 2010;31(1):1–4. doi: 10.1055/s-0029-
1239499. [PubMed: 19885776].

6 Ann Mil Health Sci Res. 2019; 17(1):e86452.

http://dx.doi.org/10.1519/JSC.0b013e31818eff5d
http://www.ncbi.nlm.nih.gov/pubmed/19204568
http://dx.doi.org/10.1111/cpf.12231
http://www.ncbi.nlm.nih.gov/pubmed/25643617
http://dx.doi.org/10.1007/s00421-008-0836-1
http://www.ncbi.nlm.nih.gov/pubmed/18661144
http://dx.doi.org/10.1016/j.csm.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18206566
http://dx.doi.org/10.1515/CCLM.2010.179
http://www.ncbi.nlm.nih.gov/pubmed/20518645
http://dx.doi.org/10.1123/pes.1.4.351
http://dx.doi.org/10.1123/pes.8.4.361
http://dx.doi.org/10.1152/japplphysiol.01193.2004
http://www.ncbi.nlm.nih.gov/pubmed/15817716
http://dx.doi.org/10.1111/j.1600-0838.2010.01238.x
http://www.ncbi.nlm.nih.gov/pubmed/21039902
http://dx.doi.org/10.1152/japplphysiol.00195.2007
http://dx.doi.org/10.1152/japplphysiol.00195.2007
http://www.ncbi.nlm.nih.gov/pubmed/17569770
http://dx.doi.org/10.2165/00007256-200636030-00004
http://www.ncbi.nlm.nih.gov/pubmed/16526834
http://dx.doi.org/10.1139/H08-020
http://www.ncbi.nlm.nih.gov/pubmed/18461111
http://dx.doi.org/10.1007/s00421-010-1377-y
http://www.ncbi.nlm.nih.gov/pubmed/20544348
http://dx.doi.org/10.1055/s-0029-1239499
http://dx.doi.org/10.1055/s-0029-1239499
http://www.ncbi.nlm.nih.gov/pubmed/19885776
http://ajaums.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Exercise Interventions
	Table 1
	Table 2

	3.2. Statistical Analysis

	4. Results
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Footnotes
	Conflict of Interests
	Ethical Considerations
	Funding/Support

	References

