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Introduction: Blood flow restriction (BFR) training combined with ergogenic
supplements such as citrulline malate can influence muscle hypertrophy and IGF-1
levels by enhancing anabolic pathways. The general aim of this study was to
determine the effect of twelve weeks of BFR training along with citrulline malate
supplementation on muscle hypertrophy and IGF-1 in young male athletes.

Methods: In this experimental study, 40 young male athletes with normal body mass
index from Tabriz City were randomly assigned to four groups: BFR training +
supplement, BFR training + placebo, supplement only, and control + placebo. The
two training groups exercised for 12 weeks, and cuff pressure was gradually
increased from 130 to 200 mmHg. Citrulline malate supplementation was
administered at a dose of 8 g per kg of body weight, 30 to 60 minutes before exercise.
The study was conducted in a double-blind manner. Serum IGF-1 levels were
assessed using the ELISA method, and hypertrophy of the quadriceps and biceps
muscles was evaluated by limb circumference measurements. After confirming data
normality using the Shapiro-Wilk test, analysis of covariance, Tukey’s post hoc test,
and paired t-test were employed and analyzed using SPSS software version 22 with
a significance level of 0.05.

Results: Twelve weeks of BFR training combined with citrulline malate
supplementation had a significant effect on biceps and quadriceps hypertrophy
(p=0.001) and serum IGF-1 levels (p=0.001) in young male athletes.

Conclusion: BFR training is an effective tool for improving training outcomes and
increasing muscle growth factors such as IGF-1. The findings of this study
recommend its inclusion in exercise programs to optimize muscle hypertrophy.
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Extended Abstract

Introduction

The sports and fitness industry is rapidly evolving, with
new training methods continually emerging. One such
method is blood flow restriction (BFR) training, which
involves intentionally reducing blood flow during
exercise using a tourniquet. Originally popular in Japan,
BFR allows even low-intensity exercises to promote
significant muscle hypertrophy and strength gains.
Insulin-like Growth Factor-1 (IGF-1) plays a crucial role
in skeletal muscle growth, regeneration, and strength. It
primarily functions through the activation of the
PI3K/Akt signaling pathway. Meanwhile, Citrulline
Malate (CM), a precursor to nitric oxide, has gained
attention as an ergogenic aid that enhances exercise
performance by improving ATP production and blood
flow. Studies suggest that both BFR training and CM
supplementation  independently  promote  muscle
hypertrophy and performance, although findings are
inconsistent. The combined effects of BFR training and
CM supplementation have yet to be thoroughly
examined. Therefore, this study aimed to investigate the
impact of twelve weeks of BFR training combined with
CM supplementation on muscle hypertrophy and IGF-1
levels in young male athletes.

Methods

The study included two experimental groups: one group
performed blood flow restriction (BFR) training with
creatine monohydrate (CM) supplementation, while the
other group did BFR training without supplementation.
Over a period of twelve weeks, both groups engaged in
eight resistance exercises: machine biceps curl, standing
barbell curl, cable triceps pushdown, French dumbbell
triceps extension, leg extension, leg curl, back squat, and
leg press. Each participant's one-repetition maximum
(1RM) was measured individually before the training
began and reassessed after four weeks. The training
intensity progressed every four weeks, starting at 30% of
1RM for the first four weeks, then increasing to 40% of
1RM for weeks five to eight, and finally reaching 50% of
1RM for weeks nine to twelve. The exercise sets
followed either a 30-15-15-15 or a 15-10-10-10 repetition
scheme, with participants resting for 30 to 60 seconds
between sets. The tempo for movements was consistently
maintained at a ratio of 1:2 to 1:4 for concentric and
eccentric phases. Members of the supplementation group
consumed 8 grams of creatine monohydrate 30 to 60
minutes before exercising, while the placebo group was
given flavored dextrin capsules. The trial utilized a
double-blind  design, ensuring that neither the
participants nor the researchers were aware of the group
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assignments. Maximum strength was calculated using the
Brzycki equation, and serum IGF-1 concentrations were
measured using the ELISA method (Mediagnost,
Germany). Data analysis involved descriptive statistics,
the Shapiro-Wilk and Levene's tests for normality and
homogeneity, and ANCOVA for intergroup
comparisons. Paired t-tests were used to evaluate
differences within groups, with statistical significance set
at p < 0.05 (using SPSS v22).

Results

The demographic characteristics of the participants are
presented in Table 2. Shapiro-Wilk tests confirmed the
normality of the data. Paired t-tests showed significant
increases in quadriceps hypertrophy in both the Blood
Flow Restriction (BFR) and BFR + supplement groups
after the intervention (p < 0.05). However, the changes
observed in the placebo and supplement-only groups
were not significant. ANCOVA results indicated
significant differences between groups (p = 0.001), with
Bonferroni tests confirming that hypertrophy was
significantly greater in the BFR + supplement group
compared to all other groups (p < 0.05). Additionally,
biceps hypertrophy significantly increased only in the
BFR + supplement group (p < 0.001). Serum IGF-1
levels showed significant increases in all groups except
the placebo, with  ANCOVA and post-hoc analyses
revealing the highest elevations in the BFR + supplement
group (p < 0.001).

Conclusion

This study found that twelve weeks of blood flow
restriction (BFR) training, combined with Citrulline
Malate (CM) supplementation, significantly enhanced
muscle hypertrophy and serum IGF-1 levels in young
male athletes. BFR, which is performed using low loads
(30-50% of one-rep max), stimulates hypertrophic and
hormonal responses similar to traditional high-load
resistance training, making it suitable for individuals who
are unable to lift heavy weights. The ischemic
environment created by BFR promotes metabolic stress,
cellular swelling, and the release of anabolic hormones,
all of which stimulate IGF-1 production and muscle
growth. CM, a precursor to nitric oxide, enhances
vascular dilation and improves nutrient delivery to
muscles, thereby supporting recovery and performance.
While CM alone did not significantly increase muscle
hypertrophy, its combination with BFR resulted in
synergistic effects, leading to greater growth in the
quadriceps and biceps, as well as elevated IGF-1 levels.
These findings are consistent with previous research,
which indicates that BFR enhances IGF-1 expression
through the PI3K/AKkt signaling pathway and increases
metabolic stress. The results suggest that the combination
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of BFR and CM can optimize muscular adaptation while
minimizing joint strain, offering an effective strategy for
enhancing strength and hypertrophy. However, the study
has limitations, including its focus on young men and the
absence of long-term follow-up to assess sustained
hormonal or morphological changes.
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