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Abstract

Aim: The present study aimed to investigate the acute effect of caffeine
ingestion prior to a single session of high-intensity interval training (HIIT) on
hemorheological responses and oxidative stress markers in overweight
women

Method: In a randomized, double-blind, placebo-controlled clinical trial with
a parallel design, forty-five overweight women (BMI: 25-30 kg-m™2, aged 25—
35 years) were randomly assigned to three groups: HIIT with caffeine (6
mg-kg™" body mass), HIIT with placebo, and a control group. Caffeine or
placebo capsules were consumed 60 minutes before a single HIIT session
(4x4 min at 85-90% HR_max with active recovery). Venous blood samples
were collected at baseline and immediately post-exercise. Plasma viscosity,
fibrinogen, total antioxidant capacity (TAC), and malondialdehyde (MDA)
were measured. Data were analyzed using a mixed-model ANOVA (3 groups
x 2 time points).

Results: A significant group x time interaction was observed for plasma
viscosity, fibrinogen, and TAC (p<0.05). Plasma viscosity and fibrinogen
significantly decreased, while TAC significantly increased following exercise
only in the caffeine-HIIT group (p<0.05). No significant changes were
observed in the placebo-HIIT or control groups. MDA levels did not change
significantly in any group (p>0.05).

Conclusion: Acute caffeine ingestion prior to a single HIIT session improves
hemorheological parameters and enhances antioxidant capacity without
increasing lipid peroxidation in overweight women. These findings suggest
that caffeine may serve as a short-term nutritional strategy to support
vascular and oxidative responses during high-intensity exercise.
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Extended abstract

Problem Statement and Research Significance

Overweight and obesity are associated with adverse alterations in cardiovascular function that extend beyond
metabolic dysregulation to include impairments in blood rheology and redox balance. Increased plasma
viscosity and elevated fibrinogen concentrations can compromise microcirculatory flow and oxygen delivery,
thereby elevating cardiovascular risk, particularly in women due to sex-specific physiological and hormonal
factors. High-intensity interval training (HIIT) is widely recommended as a time-efficient exercise strategy
capable of improving vascular function; however, its acute metabolic demands may transiently increase
oxidative stress. Nutritional interventions, such as caffeine supplementation, have been proposed as potential
modulators of exercise-induced vascular and oxidative responses. Despite extensive research on caffeine’s
ergogenic effects, limited evidence exists regarding its acute interaction with HIIT on hemorheological and
oxidative stress markers in overweight women. Addressing this gap is essi;uigalfor optimizing combined

n

exercise nutrition strategies aimed at cardiovascular health promotion in this p%

Methodology Overview (Research Methods, Study Population, Instru

This study employed a randomized, double-blind, placebo-cont Ilnlcal trial with a parallel-group design
and repeated measurements. Forty-five overweight women ged 25535 years with a body mass index between
25 and 30 kg'm™ were recruited and randomly allocatéd jnto three groups: HIIT combined with caffeine
ingestion, HIIT combined with placebo ingestion,\@’a))r:‘on-exercising control group. Participants were

screened to ensure general health, non-smoking st tus}bsence of regular structured exercise participation, and

no recent use of antioxidant supplements or gsdications affecting cardiovascular function.

n
an inert substance identical in app ce. Supplements were consumed 60 minutes prior to exercise to coincide

Caffeine was administered in caps:;ﬁ at a dose of 6 mg kg body mass, while placebo capsules contained
with peak plasma caffeine c}c;"f;@ntration. The HIIT protocol consisted of four 4-minute running bouts at 85—
90% of maximal heart ratpd erspersed with 3-minute active recovery periods at 50-60% of maximal heart rate.
Venous blood samples were collected at baseline and immediately post-exercise. Plasma viscosity, fibrinogen,
total antioxidant capacity (TAC), and malondialdehyde (MDA) were analyzed using validated laboratory

methods. Data were examined using mixed-model analysis of variance (3 groups x 2 time points).

Key Findings and Results Analysis

The mixed-model analysis revealed significant group-by-time interaction effects for plasma viscosity,
fibrinogen concentration, and total antioxidant capacity, indicating that the physiological responses to the
intervention differed across groups. Specifically, only the group performing HIIT in combination with caffeine
ingestion demonstrated a significant post-exercise reduction in plasma viscosity and fibrinogen levels. These
changes reflect meaningful improvements in hemorheological properties, as reduced plasma viscosity and
fibrinogen are associated with enhanced blood flow characteristics, decreased peripheral resistance, and
improved microvascular perfusion. The absence of significant hemorheological changes in the HIIT-placebo

group suggests that a single session of high-intensity exercise alone was insufficient to elicit measurable acute
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improvements in these parameters in overweight women. This finding highlights the potential role of caffeine as
a potentiating factor that amplifies exercise-induced vascular adaptations. Mechanistically, caffeine may exert

these effects through adenosine receptor antagonism, increased catecholamine release, and subsequent

modulation of endothelial function and blood flow dynamics.

In parallel with hemorheological improvements, total antioxidant capacity increased significantly only in the
caffeine-HIIT group. This enhancement indicates a favorable shift in redox balance, suggesting that caffeine
intake augmented antioxidant defenses in response to the acute metabolic stress imposed by HIIT. The increase

in TAC without a corresponding rise in oxidative damage markers implies an adaptive response rather than an

oxidative overload. Importantly, malondialdehyde levels, a commonly used marker of lipid peroxidation, did not

change significantly in any group. The lack of elevation in MDA demonstrates that neither the high-intensity
exercise protocol nor caffeine ingestion induced excessive lipid oxidative damage. This finding is particularly
relevant, as concerns have been raised regarding the potential pro-oxidant ef "[ oth intense exercise and
stimulant supplementation. Collectively, these results indicate that acute §eine ingestion prior to HIIT
enhances beneficial hemorheological and antioxidant responses Withou't'):xacerbating oxidative stress. The
selective effects observed exclusively in the caffeine-HIIT groupundegscore the interactive nature of nutritional

supplementation and exercise intensity in modulating acute cardio ular-related physiological outcomes.
2\

Innovation and Practical Implications =

The present study is innovative in its simultaneous}examination of hemorheological and oxidative stress

responses to the acute combination of caﬁein%gestion and HIIT in overweight women a population that

remains underrepresented in exercise nutr-itl'@r_e_search. Unlike previous studies that predominantly focused on

performance outcomes or male pgﬁ;ﬂts, this investigation provides novel insight into vascular-related

physiological adaptations relevant t0)¢rdiometabolic health. The use of a randomized, double-blind, placebo-

controlled design further stse:gﬁhens the validity of the findings. From a practical perspective, the results

suggest that caffeine inge&on prior to high-intensity exercise may serve as an effective short-term nutritional
strategy to enhance vascular function and antioxidant capacity in overweight women. This approach may be
particularly valuable for individuals seeking time-efficient interventions to improve cardiovascular health.
Importantly, the absence of increased lipid peroxidation indicates that this combined strategy can be
implemented without elevating oxidative risk. These findings have potential applications in exercise
prescription, clinical lifestyle interventions, and health promotion programs targeting women at elevated

cardiovascular risk. 4

Conclusions and Recommendations

In conclusion, acute caffeine consumption prior to a single session of high-intensity interval training resulted in
significant improvements in hemorheological parameters and antioxidant capacity without inducing lipid
oxidative damage in overweight women. These findings support the use of caffeine as a complementary

nutritional strategy to enhance the vascular and redox benefits of high-intensity exercise.
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Future research should investigate the chronic effects of repeated caffeine-HIIT interventions, explore dose-
response relationships, and incorporate additional inflammatory and molecular biomarkers to clarify underlying
mechanisms. Extending this research to other populations will further determine the generalizability of these

findings and their long-term implications for cardiovascular health.
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Figure 2A. Total Antioxidant Capacity
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