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Aim: Citrulline malate (CM) as a nitric oxide (NO) enhancer has Education and

recently been introduced as an energy-boosting supplement to Psychology Azarbaijan
improve athletic performance in resistance training, as well as in Shahid Maciani University,
the process of muscle recovery. The aim of the present study was
to determine the effect of twelve weeks of blood flow restriction
(BFR) training with citrulline malate supplementation on nitric
oxide (NO) and lactate levels in young male athletes.

Tabriz, Iran.

Method: In this double-blind study, 40 male athletes with normal
body mass index were randomly divided into four groups and
performed 12 weeks of blood flow restriction (BFR) resistance
training with citrulline malate supplementation or placebo. The
control group remained without intervention. Serum nitric oxide
(NO) and lactate levels were measured in two phases and in the
fasting state, and the data were analyzed with SPSS software.

< Corresponding author:
fakhrpour@azaruniv.ac.ir

Results: Twelve weeks of blood flow restriction training with
citrulline malate supplementation had a significant effect on
blood NO (p=0.036) in young male athletes, but had no significant
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effect on blood lactate levels, fat mass, and lean mass (p<0.05).
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Extended abstract

Problem Statement and Research Significance

Athletes from a wide range of contact and non-contact sports use resistance training to
enhance muscle growth and physical performance. Traditional guidelines recommend
loads 270% of one-repetition maximum; however, growing evidence supports low-load
resistance training combined with moderate blood flow restriction (BFR) as an effective
strategy to increase hypertrophy and strength. BFR uses cuffs placed proximally on the
limbs to restrict venous return while maintaining arterial inflow, thereby increasing
metabolic stress, muscle fiber recruitment, cell swelling, anabolic signaling, and
myogenic stem cell activity. Reperfusion after BFR induces an acute inflammatory
response and enhances angiogenic and hormonal adaptations. Nitric oxide (NO),
produced via nitric oxide synthase, plays a key role in endothelial function, vasodilation,
and muscle performance. Nutritional strategies to elevate NO include citrulline malate
supplementation, which may improve ATP production and reduce lactate accumulation.
Therefore, this study aims to examine the effects of twelve weeks of BFR training
combined with citrulline malate supplementation on blood NO and lactate levels in
young male athletes.

Methodology Overview (Research Methods, Study Population, Instruments)

A low-load resistance training program combined with blood flow restriction (BFR) was
implemented over a 12-week period. Limb occlusion pressure (LOP) was applied during
training and maintained consistently throughout the study, with weekly monitoring to
ensure accuracy and intervention integrity. Training intensity progressed from 30% of
one-repetition maximum (1RM) in weeks 1-4, to 40% 1RM in weeks 5-8, and 50% 1RM
in weeks 9-12. Each session consisted of four sets, with higher repetitions in the initial
weeks and reduced repetitions as intensity increased, and rest intervals of 30-60
seconds between sets. Maximal strength was estimated using the Brzycki equation, and
movement tempo was controlled at a concentric-to-eccentric ratio of 1:2 to 1:4.
Participants in the experimental group consumed citrulline malate (8 g per kg body
weight) 30-60 minutes before training, while the placebo group received flavored
dextrin capsules; the control group maintained their usual lifestyle. The study followed
a double-blind design. Blood nitric oxide levels were assessed using a human ELISA kit.
Data were analyzed using descriptive statistics, Shapiro-Wilk, Levene’s test, ANCOVA,
and paired t-tests in SPSS (v22) at a significance level of p < 0.05.

Key Findings and Results Analysis

Demographic characteristics of the participants are presented in Table 2, indicating that
the four groups (control-placebo, supplement, BFR-placebo, and BFR-supplement)
were comparable at baseline in terms of age, height, body weight, and body mass index.
No meaningful differences were observed between groups before the intervention.

https://researchinexercisenutrition.com
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Paired t-test results showed a significant increase in blood nitric oxide (NO) levels in the
BFR-supplement and supplement-only groups at post-test compared with pre-test (p <
0.05), whereas no significant changes were observed in the placebo or BFR—placebo
groups. ANCOVA analysis, controlling for baseline values, revealed a significant
between-group difference in post-test NO levels. Bonferroni post hoc analysis indicated
that the BFR-supplement group differed significantly from the control-placebo group,
while other comparisons were not significant.

Blood lactate levels decreased significantly in the supplement, BFR—placebo, and BFR-
supplement groups at post-test (p < 0.05), but no significant change was found in the
placebo group. However, ANCOVA showed no significant between-group differences
for lactate levels. Regarding body composition, fat mass significantly decreased and fat-
free mass significantly increased in both BFR groups, regardless of supplementation.
These changes were not significant in the control or supplement-only groups. ANCOVA
analyses did not reveal significant between-group differences for fat mass or fat-free
mass. Overall, the findings suggest that BFR training, particularly when combined with
supplementation, may beneficially influence NO levels and body composition.

Conclusions and Recommendations

The aim of this study was to examine the effects of twelve weeks of resistance training
with blood flow restriction (BFR) combined with citrulline malate supplementation on
blood nitric oxide (NO), lactate, and body composition in young male athletes. The
results showed that citrulline malate supplementation, alone or combined with BFR
training, significantly increased blood NO levels, with the greatest increase observed in
the BFR-supplement group compared with the control group. These findings suggest
that BFR training and supplementation may enhance NO bioavailability, potentially
improving vascular function and exercise performance. However, no significant
combined effect of BFR and citrulline malate was observed on blood lactate levels,
although supplementation alone reduced lactate. In addition, twelve weeks of BFR
training with citrulline malate did not produce significant changes in fat mass or fat-free
mass in young trained men. Overall, while BFR training and citrulline malate appear
beneficial for increasing NO, their effects on lactate dynamics and body composition
remain inconsistent, highlighting the need for further research considering training
status, dosage, and population characteristics.

Innovation and Practical Implications

This study introduces an innovative combined approach by integrating low-load
resistance training with blood flow restriction (BFR) and citrulline malate
supplementation to target vascular, metabolic, and performance-related adaptations in
young male athletes. Unlike traditional high-load resistance protocols, this model
demonstrates that meaningful increases in nitric oxide (NO) bioavailability can be
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achieved with lower mechanical stress, highlighting a safer and more time-efficient
training strategy. The findings suggest that BFR, particularly when paired with citrulline
malate, may enhance endothelial function and muscle perfusion, which are critical for
both athletic performance and cardiovascular health. Practically, this approach can be
applied in athletic training, rehabilitation, and return-to-play programs where high loads
are contraindicated. Coaches and practitioners may use BFR combined with targeted
supplementation to maintain or enhance training adaptations while reducing joint and
musculoskeletal strain. Although effects on lactate and body composition were
inconsistent, the demonstrated NO-related benefits support the practical use of this
combined strategy as a complementary ergogenic and health-promoting intervention
in trained populations.
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