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ABSTRACT

Background and objectives: The present study was designed lo determine the
effect of blood flow restriction training (BFRT) on follistatin to myostatin ratio, body
composition and anaerobic power of trained volleyball players.

Methods: Eighteen trained volleyball players were randomly assigned into two study
groups: resistance training with blood ilow restriction (BFRT; n=9) and resistance training
without blood flow restriction (WBFRT; n=9). The subjects performed trainings three
sessions a week, for eight weeks. In each session, barbell squat, leg extension, leg curl and
dumbbell lunges were performed in three sets of 15 repetitions, with rest intervals of 30
seconds. Serum follistatin and myostatin concentrations, body composition and anaerobic
power were assessed before and after the study. Data were analyzed using the paired sample
t-test, Wilcoxon fest, independent sample i-test and Mann-Whitney U test. All statistical
analyses were done in SPSS (version 22), and a P-value of less than (.05 was considered
statistically significant.

Resulis: Follistatin levels increased significantly (P=0.001), while myostatin levels
decreased significantly in both groups (P=0.001). Follistatin to myostatin ratio increased
significantly in both groups (P=0.001). Although body fat percentage decreased in both
groups, it did not differ significantly between the two groups (P=0.28). Moreover, anaerobic
power increased significantly in both groups (P=0.001), but this increase was more
profound in the BFRT group (P=0.001).

Conclusion: Based on our findings, blood flow restriction can be applied as
remarkable approach to boost body adaptation responses to resistance training.

KEYWORDS: Resistance training, Myostatin, Follistatin, Blood flow restriction.

This paper should be cited as: Bagheri R, Rashidlamir A, Attarzadeh Hosseini SR[Effect of Resistance Training with
Blood Flow Restriction on Follistatin to Myostatin Ratio, Body Composition and Anaerobic Power of Trained-Volleyball
Players]. mljgoums. 2018; 12(6):28-33


mailto:rashidlamir@um.ac.ir

29/ Bagheri and colleagues

INTRODUCTION

Volleyball is a complex sport that
requires functioning of both the aerobic and
anaerobic energy systems. Vertical jump is
one of the most intense muscular movements
that demands particular emphasize on
development of muscular power in trainings
(1). Physical trainers recommend different
training methods to prevent common injuries
in athletes. In blood flow restriction training
(BFRT), a cuff is wrapped around the
proximal portion of the thigh or arm (2). In
this type of training, athletes exercise at lower
percentage of one-repetition maximum (1RM),
which has more positive effects compared to
traditional (without cuffs) resistance training
(RT). It also reduces pressure on joints,
ligaments and tendons. BFRT produces an
anabolic ~ response  through  numerous
pathways, including recruitment of type Il
muscle fibers, which have a greater potential
for growth compared to type | muscle fibers
(3). Evidence suggests that BFRT may change
the level of some proteins including myostatin
(MSTN), a member of the transforming
growth factor-beta (TGF-B) superfamily that
regulates muscle growth (4). MSTN is
produced in skeletal muscle cells and acts as a
muscle growth inhibitor that circulates through
the bloodstream and ultimately binds to activin
type Il receptors (5). BFRT changes MSTN
levels due to oxygen deficiency and metabolite
accumulation, resulting in muscle hypertrophy
(6). Follistatin (FLST) is a glycoprotein that
can block MSTN (7) by preventing the of
binding of MSTN to its receptor, thus
preventing muscle atrophy and increasing lean
body mass (8). RT also reduces MSTN
expression, which in turn increases muscle
hypertrophy. Santos et al. examined effect of
different RT programs on MSTN signaling
pathway in 29 physically active men with a
minimum of two-year experience in RT. They
reported that the RT programs significantly
increased expression of MSTN signaling
pathway inhibitors (9). In a study by
Attarzadeh et al., FLST to MSTN (F: M) ratio
increased dramatically in 24 sedentary young
women, in response to eight weeks of high-
intensity RT (10). Moreover, RT with BFR has
a more profound effect on the myokine levels
compared to traditional RT. In Iran, BFRT is
rarely incorporated in the athletes training
programs. Owing to the importance of
muscular power and BFRT for volleyball
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players, this study investigated the effect of
eight weeks of BFRT on F: M ratio, body
composition and anaerobic power in trained
volleyball players.

MATERIAL AND METHODS

Trained volleyball players (aged 20-25 years)
were recruited according to the following
inclusion criteria: absence of cardiovascular
disease, diabetes and hypertension or any other
condition that requires medical attention. The
volunteers completed a baseline medical form
and gave written consent before enrollment in
the study. Eighteen eligible individuals were
recruited and then randomly divided into two
RT groups: blood flow restriction training
(BFRT; n=9) and without blood flow
restriction training (WBFRT, n=9). Body
weight was measured on emptied bladder,
using a digital scale (Lumbar, China) with
accuracy of 0.1 Kg. Height was measured by a
wall-mount measuring tape with accuracy of
0.1 cm. Body mass index (BMI), body fat
percentage (BFP) and skeletal muscle mass
(SMM) were evaluated using a multi-
frequency bioelectrical impedance analyzer
(Inbody 720, South Korea). Before blood
sampling, the participants fasted for 12 hours
(overnight fasting) and refrained from physical
activity for 36 hours. Blood samples (5 ml)
were taken from the cubital vein 48 hours
before the first training session and 48 hours
after the last training session. Serum MSTN
and FLST concentrations were measured using
human MSTN and FLST ELISA kits (CK-
E11241 and CK-E10682).

Maximal strength was measured 24 hours after
the body composition measurement. The 1RM
starting point was determined in a preliminary
assessment, and muscle strength was measured
using the following formula (11):

1RM= Weight + (1.0278 — 0.0278 x reps).
After the 1RM strength test, the participants
performed RT three sessions a week, for eight
weeks. The two RT programs specifically
targeted the lower limb. Each session started
with ten minutes of general warm-up (slow
running, stretching and light RT), followed by
specific warm-up with two sets of 20
repetitions at 20% of 1RM in the first session.
The subjects rested for 30 seconds between
each set. The exercises included barbell squat,
leg extension, leg curls and dumbbell lunges.
The first session stared with three sets of



fifteen repetitions, which were increased by
one set every two week until it reached six sets
and fifteen repetitions. The training was
performed at 20% of 1RM in the first four
weeks, which was raised to 30% of 1RM in the
second four weeks. The repetitions were
performed as fast as possible (2).

The cuff inflation pressure was set to 160
mmHg in the first session and increased by 10
mmHg in the following sessions, until it
reached 240 mmHg (12).

Data analysis was performed using SPSS
(version 22). Mean values and standard
deviation (SD) were calculated after testing the
normality of data using the Shapiro-Wilk test.
The Levene’s test was used to ensure the
homogeneity of variances. Considering the
non-normal distribution of some data, the
Wilcoxon test and Mann-Whitney U test were
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used for intragroup and intergroup
comparisons, respectively. The independent t-
test and paired sample t-test were used for
assessment of intragroup and inter group
changes for normal data, respectively.

RESULTS

FLST levels increased significantly
(P=0.001), while MSTN levels decreased
significantly in both groups (P=0.001). The F:
M ratio increased significantly in both groups
(P=0.001) and differed significantly between
the two groups (P=0.001). The anaerobic
power increased significantly in both training
groups (P=0.001).
Anaerobic  power differed significantly
between the two study groups (P=0.001). BMI
did not change significantly in the two study
groups (Table 1).

Table 1- Comparison of intergroup and intragroup variations of some variables

Variable Group Mean + SD Intragroup changes Intergroup changes
Pre-training Post-training Mean t P- F P-value
difference value
WBFRT 0.098+0.01 0.089+0.009 -0.008 8.56 0.001
F:M ratio 3.68 0.001
BFRT 0.094+0.012 0.12+0.27 -0.03 -3.11 0.014
WBFRT 639.95+82.65 657.40+84.76 -17.44 -6.47 0.001
0.8
Anaerobic 0.001
power (W)
BFRT 693.55+58.11 738.82+59.84 -45.27 -17.88 0.001
WBFRT 22.27+£2.39 22.2242.35 0.05 0.31 0.758
BMI (Kg/m?)
0.05 0.28
BFRT 22.10£2.71 22.50+2.66 -0.22 -1.24 0.247
SMM (Kg) WBFRT 34.70+£5.10 35.354£5.17 -0.65 -5.34 0.001
0.24 0.63
BFRT 38.78+4.99 40.78+5.27 -2.00 -10.56 0.00
PBF (%) WBFRT 14.65+5.97 13.48+5.5 1.16 2.03 0.07 0.07 0.79
BFRT 11.84+3.84 9.88+3.78 1.95 3.38 0.01

Table 2- Results of the Mann-Whitney U test for comparison of variable between the WBFRT and BFRT groups

Table 3- Results of the Wilcoxon test for comparison of variable between the WBFRT and BFRT groups

Variable Z P-value
MSTN (Ng/ L) -3.576 0.001
FLST (Ng/ ml) -3.578 0.001

Variable Group Z P-value
MSTN (Ng/ L) WBFRT -2.66 0.08
BFRT -2.66 0.08
FLST ( Ng/ ml) WBFRT -1.95 0.05
BFRT -2.66 0.08
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DISCUSSION

This study investigated the effects of
two different eight-week RT protocols on F: M
ratio, body composition and anaerobic power
in trained volleyball players. The serum FLST
levels increased significantly in response to
both RT programs, but the increase was
greater in the BFRT group. The F: M ratio
increased significantly and MSTN decreased
slightly in the BFRT group. The anaerobic
power was significantly higher in the BFRT
group. MSTN is a catabolic factor found in
skeletal muscles and an anabolic agent in
adipose tissue, which can have a major role in
muscular hypertrophy. Roth et al. reported a
37% reduction in MSTN mRNA expression in
men and women in response to nine weeks of
RT (13). Santos et al. reported a 25% decrease
in MSTN levels of 65-year-old male patients
with muscle tissue inflammation in response to
BFRT (14). However, Hulmi et al. showed
MSTN mRNA overexpression after 12 weeks
of RT in elderly men (15). MSTN is a member
of the TGF- family and a negative regulator
of muscle growth through Smad 2/3
phosphorylation  (16). Theoretically, the
reduction in MSTN expression exacerbates
muscle hypertrophy, which can be abated with
BFRT (17). The reduction in MSTN levels in
response to BFRT can be attributed to the
activation of mammalian/mechanistic target of
rapamycin (mTOR) signaling pathway. MSTN
levels in muscle cells decrease following
mechanical loading as well as BFRT. Limited
blood flow causes oxygen deficiency and
accumulation of metabolites, which leads to
activation of the mTOR signaling pathway and
eventually muscle hypertrophy (18). BFRT
reduces MSTN levels through protein kinase B
and forkhead box O signaling pathways (19,
20).
BFRT at intensity of 20-30% of 1RM can
induce muscle hypertrophy. We observed a
substantial increase in serum FLST levels in
both study groups, particularly in the BFRT
group. In a study by Attarzadeh et al., F: M
ratio increased dramatically in response to
eight weeks of high-intensity RT in 24
sedentary young women (10). Inconsistent
with our findings, Jensky et al. found no
significant change in the level of FLST after
seven sessions of eccentric exercise and
concentric exercise, which might be due to the
short-term study period (21).
We found no significant difference between
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the two groups in terms of body composition.
In a study by Monikh et al., six weeks of RT
did not reduce BFP significant, which may be
attributed to the low-intensity and short
duration of the RT program (22). Kwon et al.
showed that low-intensity RT in diabetic
women decreases BFP (23). Since RT focuses
on the core muscles, it increases adipose tissue
blood flow, which can consequently increase
adipose tissue metabolism.

BMI has a direct correlation with the volume
and intensity of RT. It seems that training with
intensity of 70-75% of heart rate reverse
increases both adipose tissue blood flow and
fat oxidation, and is therefore appropriate for
fat loss (24). The of lack of BMI reduction in
the present study could be due to the low
volume and intensity of the trainings and to the
increase in PPAR-y and sterol regulatory
element-binding protein-1 activity (25, 26),
which in turn increases mTORCL activity.

In recent years, many studies have focused on
the effect of RT on the power of athletes,
especially in volleyball players. We found a
significant difference in the anaerobic power
between the two study groups. Park et al.
found that two weeks of walking with BFR
increases anaerobic power (27). Abdolmaleki
et al. stated that RT with or without BFR has
no significant impact on anaerobic power and
explosive power in athletes and non-athlete
participants (28). This could be related to use
of a low-pressure cuff. BFRT might increase
muscle  hypertrophy and  subsequently
muscular strength by activating the mTOR
signaling pathway (29). Owing to the high
repetitions as well as the high-intensity of the
BFRT program, the athletes could achieve
both muscle hypertrophy and strength, which
may be also associated with the increase in
anaerobic power.

In our study, the F: M ratio differed
significantly between the two study groups.
BFRT generally increases activity of anabolic
signaling pathways through motor unit
recruitment (30), lactate accumulation (31),
mTOR signaling pathway, heat shock proteins
(32), cell swelling (33) and nitric oxide
secretion (34), all of which ultimately decrease
the catabolic factors. Nevertheless, the
superiority of BFRT over WBFRT elucidates
that these mechanisms can be ascribed to
increase in anabolic factors (FLST and F: M
ratio) and decrease in catabolic factors



(MSTN). Because of the assorted dietary
restrictions and reconciling responses to
RT, lack of management of sleep hours
and the waking up of participants,
additionally as individual variations are
confronted.

CONCLUSION
Based on our findings, blood flow
restriction can be applied as remarkable

REFERENCES

1. Gabbett T, Georgieff B, Domrow N. The use of
physiological, anthropometric, and skill data to predict
selection in a talent-identified junior volleyball squad.
Journal of sports sciences. 2007;25(12):1337-44.

2. Loenneke JP, Pujol TJ. The use of occlusion training
to produce muscle hypertrophy. Strength & Conditioning
Journal. 2009;31(3):77-84.

3. Shimizu R, Hotta K, Yamamoto S, Matsumoto T,
Kamiya K, Kato M, et al. Low-intensity resistance
training with blood flow restriction improves vascular
endothelial function and peripheral blood circulation in
healthy elderly people. European journal of applied
physiology. 2016;116(4):749-57.

4. Thomas M, Langley B, Berry C, Sharma M, Kirk S,
Bass J, et al. Myostatin, a negative regulator of muscle
growth, functions by inhibiting myoblast proliferation.
Journal of Biological Chemistry. 2000;275(51):40235-
43.

5. Kawada S, Tachi C, Ishii N. Content and localization
of myostatin in mouse skeletal muscles during aging,
mechanical unloading and reloading. Journal of Muscle
Research & Cell Motility. 2001;22(8):627-33.

6. Lee S-J, McPherron AC. Regulation of myostatin
activity and muscle growth. Proceedings of the National
Academy of Sciences. 2001;98(16):9306-11.

7. SHIBANUMA M, MASHIMO Ji, MITA A, KUROKI
T, NOSE K. Cloning from a mouse osteoblastic cell line
of a set of transforming-growth-factor-p1-regulated
genes, one of which seems to encode a follistatin-related
polypeptide. The FEBS Journal. 1993;217(1):13-9.

8. Tortoriello DV, Sidis Y, Holtzman DA, Holmes WE,
Schneyer AL. Human follistatin-related protein: a
structural homologue of follistatin with nuclear
localization. Endocrinology. 2001;142(8):3426-34.

9. Santos A, Lamas L, Ugrinowitsch C, Tricoli V,
Miyabara E, Soares A, et al. Different resistance-training
regimens evoked a similar increase in myostatin
inhibitors expression. International journal of sports
medicine. 2015;36(09):761-8.

10. Hosseini SRA, Moienneia N, Rad MM. The effect of
two intensities resistance training on muscle growth
regulatory myokines in sedentary young women. Obesity
Medicine. 2017;5:25-8.

11. Brzycki M. Strength testing—predicting a one-rep
max from reps-to-fatigue. Journal of Physical Education,
Recreation & Dance. 1993;64(1):88-90.

32/ Effect of Resistance Training. . .

approach to boost body adaptation
responses to resistance training.

ACKNOWLEDGEMENTS
We wish to thank all participants in
this research project.

CONFLICT OF INTEREST
The authors declare that there is no
conflict of interest.

12. Abe T, Yasuda T, Midorikawa T, Sato Y, CF K,
Inoue K, et al. Skeletal muscle size and circulating IGF-1
are increased after two weeks of twice daily “KAATSU”
resistance training. International Journal of KAATSU
Training Research. 2005;1(1):6-12.

13. Roth SM, Martel GF, Ferrell RE, Metter EJ, Hurley
BF, Rogers MA. Myostatin gene expression is reduced in
humans with heavy-resistance strength training: a brief
communication. Experimental biology and medicine.
2003;228(6):706-9.

14. Santos A, Neves Jr M, Gualano B, Laurentino G,
Lancha Jr A, Ugrinowitsch C, et al. Blood flow restricted
resistance training attenuates myostatin gene expression
in a patient with inclusion body myositis. Biology of
sport. 2014;31(2):121.

15. Hulmi JJ, Ahtiainen JP, Kaasalainen T, POLLANEN
E, Hakkinen K, Alen M, et al. Postexercise myostatin
and activin 11b mRNA levels: effects of strength training.
Medicine & Science in Sports & Exercise.
2007;39(2):289-97.

16. Allen DL, Unterman TG. Regulation of myostatin
expression and myoblast differentiation by FoxO and
SMAD ftranscription factors. American Journal of
Physiology-Cell Physiology. 2007;292(1):C188-C99.

17. Loenneke JP, Abe T, Wilson JM, Ugrinowitsch C,
Bemben MG. Blood flow restriction: how does it work?
Frontiers in physiology. 2012;3:392.

18. Schiaffino S, Dyar KA, Ciciliot S, Blaauw B, Sandri
M. Mechanisms regulating skeletal muscle growth and
atrophy. The FEBS journal. 2013;280(17):4294-314.

19. Sandri M, Sandri C, Gilbert A, Skurk C, Calabria E,
Picard A, et al. Foxo transcription factors induce the
atrophy-related ubiquitin ligase atrogin-1 and cause
skeletal muscle atrophy. Cell. 2004;117(3):399-412.

20. Kimball SR, Farrell PA, Jefferson LS. Invited
Review: Role of insulin in translational control of protein
synthesis in skeletal muscle by amino acids or exercise.
Journal of Applied Physiology. 2002;93(3):1168-80.

21. Jensky NE, Sims JK, Dieli-Conwright CM, Sattler
FR, Rice JC, Schroeder ET. Exercise does not influence
myostatin and follistatin mRNA expression in young
women. Journal of strength and conditioning
research/National Strength & Conditioning Association.
2010;24(2):522.

Medical Laboratory Journal, Nov-Dec, 2018; Vol 12: No 6



33/ Bagheri and colleagues

22. Monikh K, Kashef M, Azad A, Ghasemnian A.
Effects of 6 weeks resistance training on Body
Composition, serum Leptin and muscle strength in non-
athletic men. The Horizon of Medical Sciences.
2015;21(2):135-40.

23. Kwon HR, Han KA, Ku YH, Ahn HJ, Koo B-K, Kim
HC, et al. The effects of resistance training on muscle
and body fat mass and muscle strength in type 2 diabetic
women. Korean diabetes journal. 2010;34(2):101-10.

24. Nicklas BJ, Wang X, You T, Lyles MF, Demons J,
Easter L, et al. Effect of exercise intensity on abdominal
fat loss during calorie restriction in overweight and obese
postmenopausal women: a randomized, controlled trial—.
The American journal of clinical nutrition.
2009;89(4):1043-52.

25. Kim JE, Chen J. Regulation of peroxisome
proliferator—activated receptor-y activity by mammalian
target of rapamycin and amino acids in adipogenesis.
Diabetes. 2004;53(11):2748-56.

26. Porstmann T, Santos CR, Griffiths B, Cully M, Wu
M, Leevers S, et al. SREBP activity is regulated by
mMTORC1 and contributes to Akt-dependent cell growth.
Cell metabolism. 2008;8(3):224-36.

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.
European journal of applied physiology.
2010;109(4):591-600.

Medical Laboratory Journal, Nov-Dec, 2018; Vol 12: No 6

28. A abdolmaleki NB, A hemmatfat. Effect of strength
training with and without wvascular occlusion on
anaerobic power of athletes and non-athletes. Quarterly
Journal of Sport Sciences. 2014.

29. Bodine SC, Stitt TN, Gonzalez M, Kline WO, Stover
GL, Bauerlein R, et al. Akt/mTOR pathway is a crucial
regulator of skeletal muscle hypertrophy and can prevent
muscle atrophy in vivo. Nature cell biology.
2001;3(11):1014.

30. Loenneke J, Fahs C, Wilson J, Bemben M. Blood
flow restriction: the metabolite/volume threshold theory.
Medical hypotheses. 2011;77(5):748-52.

31. Takarada Y, Nakamura Y, Aruga S, Onda T,
Miyazaki S, Ishii N. Rapid increase in plasma growth
hormone after low-intensity resistance exercise with
vascular occlusion. Journal of applied physiology.
2000;88(1):61-5.

32. Kiang JG, Tsokos GC. Heat shock protein 70 kDa:
molecular biology, biochemistry, and physiology.
Pharmacology & therapeutics. 1998;80(2):183-201.

33. Lang F, Busch GL, Ritter M, Volkl H, Waldegger S,
Gulbins E, et al. Functional significance of cell volume
regulatory  mechanisms.  Physiological  reviews.
1998;78(1):247-306.

34. Silvagno F, Xia H, Bredt DS. Neuronal nitric-oxide
synthase-, an alternatively spliced isoform expressed in
differentiated skeletal muscle. Journal of Biological
Chemistry. 1996;271(19):11204-8.



