
 

 

 

 

 

ABSTRACT 
 

    Background and Objectives: Evidence suggests that decrease 

in the serum concentration of myostatin (MSTN) may reduce 

age-related decrement in muscle mass, especially in older 

individuals. This study aimed at investigating the effects of 12 

weeks of resistance training with and without blood flow 

restriction on MSTN and muscular strength (MS) of elderly 

women. 
      

   Methods: Thirty elderly women were randomly assigned into 

three groups of resistance training with blood flow restriction 

(n=10), resistance training without blood flow restriction 

(n=10) and control (n=10). The resistance training 

intervention was carried out three sessions a week for 12 

weeks. Body composition, MS and serum concentrations 

MSTN were assessed at baseline and 48-36 hours after the last 

training session. 
 

   Results: There was a significant time × group difference in 

MS following 12 weeks of exercise intervention (P=0.001). 

However, there was no significant group and time × group 

difference in MSTN concentrations (P=0.2).  
 

  Conclusion: Low intensity BFRT does not decrease MSTN 

concentrations in elderly women. However, low intensity 

BFRT can increase MS values in these individuals.  
 

   Keywords:Myostatin, Strength, Muscle, Body Composition. 
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Supplementary smoking, consumption of 

supplementary drugs, and having diseases such 

Parkinson's disease, cardiovascular, diabetes, 

hypertension, obesity and kidney disease were 

the exclusion criteria. The criteria were 

investigated by a specialist physician and 

using the Physical Activity Readiness-

Questionnaire (PAR-Q) and a medical 

health/history survey.  

 After explaining the study objectives, the 

participants were familiarized with the 

exercise protocol and were randomly assigned 

into three groups of BFRT (n=10), without 

blood flow restriction training (WBFRT; n= 

10) and control (C; n=10). The Participants 

were instructed not to alter their regular 

lifestyle and dietary habits during the study 

period. Training sessions were performed at 

the same time of day for all participant under 

the same environmental condition (~20°C and 

~55% humidity). Height and weight were 

measured and body mass index was calculated 

by dividing body weight by the square of the 

height (kg/m
2
). 

To assess lower and upper limb maximal 

strength, the 1-repetition maximum prediction 

equation (1RM= (L) / [1.0278- (R × 0.0278)] 

was used where 1RM is one repetition 

maximum, L is the external load in kg and R is 

the number of repetitions performed (3).  

Before the main training intervention, all 

subjects performed one week of concurrent 

training, consisting of three exercise sessions. 

This phase allowed instruction of proper lifting 

techniques, familiarization with exercises and 

equipment, and ensured that the participants 

initiated the study with a comparable training 

base. Next, the subjects performed RT at 20% 

of 1RM for one week. The training intensity 

reached 25% of 1RM in the 4
th
 to 7

th
 week and 

further increased to 30% of 1RM in the 8
th
 to 

12
th
 week. The repetitions varied from 15 to 

30. The subjects performed training three days 

a week with 30-60 seconds rest intervals 

between sets and 60-120 second rest intervals 

between exercises. A blood pressure cuff was 

used to maintain blood pressure for lower 

body exercises and upper body exercises at 

140 to 190 mmHg and 90 to 140 mmHg, 

respectively. The training exercise included 

leg press, leg extension, leg curl, calf raise, 

lateral raise, chest press and lat pulldown. 

Participants in the BFRT group performed RT 

with a cuff tightened to the proximal portion of 

arm and femur. However, participants in the 

BFRT    group,    performed   RT   with    the  

INTRODUCTION  

    The aging process is associated with a 

significant decline in muscle mass and strength 

(1), which leads to various health problems 

including increased fatigue and decreased 

quality of life (2, 3). Physical activity, 

especially resistance training (RT), is highly 

recommended to preclude the negative effects 

of the aging process (4). It has been reported 

that combined upper and lower body RT 

would enlarge skeletal muscle mass (SMM) in 

older adults (3).  Recently, blood flow 

restriction training (BFRT) with low 

intensities has been considered as an effective 

approach to increase SMM compared to 

traditional RT, which is performed with higher 

intensities (5). Recent studies reported a 

decrease in myostatin (MSTN) concentrations 

following RT (3, 5). Blood flow restriction 

increases the muscle mass by regulating 

several cellular pathways, including the 

mechanistic target of rapamycin signaling, 

ribosomal protein S6 kinase beta-1 and 

forkhead box O (6).  

Myostatin is a member of transforming growth 

differentiation beta (GDF-β) family that 

negatively controls muscle growth (7, 8). This 

protein is produced in the skeletal muscle 

tissue and acts as a muscle growth inhibitor 

that circulates through the bloodstream and 

eventually binds to activing type II receptors 

(9). Evidence suggests that MSTN 

concentration decreases following eight weeks 

of RT with BFRT (7) or without BFRT (3, 5, 

7). It has been suggested that RT could also 

reduce MSTN concentrations, resulting in 

increased SMM (9). Most studies on BFRT are 

short-term exercise interventions conducted on 

adolescents and middle-aged men or women. 

Given the lack of studies on the effects of 

BFRT on MSTN concentrations in older 

people, we conducted this study to evaluate the 

effects of 12-week of BFRT following RT on 

MSTN and functional strength of older 

women. 

MATERIALS AND METHODS 
    Thirty elderly women took part in the 

present study. The inclusion criteria were age 

of ˃60 years and having sarcopenia confirmed 

based on a hand grip strength of less than 26-

30 kg, walking speed of less than 0.8 m/s and 

muscle mass index less than two standard 

deviations from the average young population. 

Having regular physical activity, partaking in 

hormonal/mental therapies, alcohol 

consumption,    smoking,    consumption   of 
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A time (baseline vs. 12 weeks) × group (BFRT 

vs. WBFRT vs. C) factorial ANOVA with 

repeated measures was performed to determine 

differences between the interventions. 

Bonferroni post hoc test was performed when 

a significant treatment and treatment-by-time 

interaction was observed. All statistical 

analyses were performed using SPSS (version 

24) at 95% confidence interval.  

RESULTS 

   There was a significant group and time × 

group difference in muscle strength following 

12 weeks of exercise intervention (P=0.001). 

Muscle mass increased by 29.8 % in the BFRT 

group and by 5.6% in the WBRT group. 

Moreover, MSTN concentration decreased by 

12% in the BFRT and by 4.3 % in the WBFRT 

group. There was no significant group and 

time × group difference in the MSTN 

concentration between the study groups 

(P=0.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cuff tightened to the proximal portion of arm 

and leg (3,5). A 30-second chair-stand test was 

used to estimate muscle mass (10). 

Fasting blood samples (5 mL) were taken from 

the cubital vein, clotted for 15 min at room 

temperature and centrifuged at 3,000 rpm for 

15 minutes. Blood samples were taken at 

baseline and 48-72 hours after the last training 

session under the same environmental 

condition. Before blood collection, the 

participants were asked to refrain from 

physical activity for 36 hours. The obtain 

serum samples were kept at - 70 °C until 

analysis.  

Serum concentration of MSTN was measured 

using a commercial kit (ZB-OEH4717815 

Zellbio, Germany) with sensitivity of 2.5 ng/L 

and intra-assay and inter-assay of less than 

10% and 12%, respectively.  

Normality of data was verified by the Shapiro–

Wilk test. Changes in the variables compared 

to baseline were examined using one-way 

analysis of variance (ANOVA).  
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Figure 1. Effect of the intervention training on muscle strength in different study groups   

 

 

Figure 2. Effect of the intervention training on MSTN concentration in different study groups 
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DISCUSSION 

      We observed a considerable increase in 

muscle strength and a slight decrease in 

MSTN concentrations following 12 weeks of 

RT with BFRT in elderly women. In 

agreement with our findings, a previous study 

reported that 12 weeks of BFRT in elderly 

men and women  increased MS (11). Another 

study also reported that 12 sessions of low-

intensity BFRT increased quadriceps strength 

in healthy young men (12). It has been 

reported that muscle strength is highly 

dependent on type II muscle fibers rather than 

type I muscle fibers due to oxygen deficiency 

and lactate accumulation following BFRT 

(13). This may subsequently alter muscle 

strength (6). Another potential mechanism 

responsible for the increased muscle strength 

may be heat shock proteins, which strongly 

decrease the most important protein 

degradation pathway, ubiquitin proteasome 

(14). However, this pathway can be inhibited 

by increased HSP72 level after periodised 

training intervention.  

We found no significant time × group 

difference in MSTN concentrations. A cross 

sectional study on young, middle-aged and 

older men and women proposed that the age-

related increase in serum MSTN 

concentrations is highest in ‘physically frail’ 

older women and reversely correlated with 

SMM (15). We did not detect a significant 

decrease in MSTN concentration after 12 

weeks of RT. This may be due to low pressure 

of cuff as well as high volume of our RT 

protocol. It has been shown that RT with high 

volume and low intensity might increase blood 

glucocorticoid concentrations, which is 

positively correlated with MSTN rise (16). 

Inconsistent with our results, a study reported 

that eight weeks of lower body RT with BFRT 

can significantly decrease MSTN (5). 

Moreover, energy deficiency during RT can 

increase tuberous sclerosis complex 2 protein 

levels. This in turn raises forkhead box O 

protein concentrations, which subsequently 

increases MSTN concentrations (6).  

CONCLUSIONS 

    Based on our findings, BFRT can be utilized 

as an effective approach to reduce strength 

loss during aging. We recommend using 

higher intensity BFRT as well as lower RT 

volume to further decrease MSTN 

concentration in older individuals.  
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