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‭Abstract:‬‭The primary objective is to explore the‬‭physiological effects of caffeine on intra-bout‬

‭exercise-induced blood pressure (BP) and heart rate (HR) deceleration resulting from repeated‬

‭anaerobic exercise cycling in active university students. Use of caffeinated stimulants has‬

‭increased in recent years, particularly in the exercise setting. The cardiovascular system (CS) is‬

‭an essential piece of exercise physiology and is controlled by the autonomic nervous system‬

‭(ANS). Caffeine has a known effect on the CS during acute exercise. What is not well solidified‬

‭is the connection between caffeine and exercise-induced markers, such as heart rate recovery‬

‭(HRR) and BP. Participants underwent a comprehensive informed consent process, baseline‬

‭physiological measures, including BP and BPM. A double-blind design to assess the effects of‬

‭caffeine on HRR and BP were measured during two separate appointments. Participants received‬

‭either 3 mg/kg of caffeine or placebo drink. Following a 15-minute holding period, upon‬

‭ingesting the drink, participants performed two 30-second maximal-effort cycling bouts on an‬

‭assault bike, separated by 30 seconds of active recovery. Post-exercise HR measurements were‬

‭obtained immediately after each bout. Following the exercise session, participants’ BP and HR‬



‭were recorded in 5-minute intervals for a duration of 15 minutes to assess post-exercise recovery‬

‭dynamics. Independent t-tests were conducted to determine differences between participants.‬

‭There were no significant differences (p > 0.05) between the utilization of caffeine‬

‭administration on, HR and HR deceleration in the present study. The results demonstrated no‬

‭statistically significant difference between caffeine and non-caffeinated subjects relative to HRR‬

‭in an acute anaerobic setting. This aligns with previous findings and warrants further research to‬

‭aerobic settings. Studying caffeine's impact on HRR in aerobic exercise could provide insight‬

‭into its broader effects on the ANS and CS.‬

‭Key words:‬‭heart rate recovery, intra-bout exercise,‬‭anaerobic exercise, caffeine, autonomic‬

‭nervous system, cardiovascular system‬

‭Introduction‬‭: Increase in usage of pre-workout and‬‭other caffeinated stimulants have‬

‭dramatically increased in the last several years, particularly when it comes to exercise‬‭1‬‭. While‬

‭caffeine is a known neurostimulant, the complete understanding of the effects of the molecule is‬

‭still outstanding. Particularly, when it comes to the sympathetic nervous system (SNS). The‬

‭cardiovascular system is an essential piece of exercise physiology and controlled by the‬

‭autonomic nervous system (ANS). In previous studies, caffeine has been demonstrated to have‬

‭an effect on the parasympathetic nervous system (PNS) during submaximal, anaerobic, and acute‬

‭exercise‬‭2‬‭. Heart rate variability is the variation‬‭in the time interval between heartbeats. In a‬

‭healthy state, the time intervals between heartbeats greatly fluctuate in order to maintain‬

‭homeostasis despite physical and psychological stimuli. The oscillations of HR are controlled by‬

‭the ANS, which relays signals from the brain to the heart by electrical signals and hormones such‬



‭as epinephrine and norepinephrine. The ANS is made up of two divisions, the first being the SNS‬

‭which signals the heart rate to increase, and the second division being the PNS which signals the‬

‭heart rate to decrease also known as the rest and digest or the fight or flight systems. What is not‬

‭as well known is the connection between caffeine's effects versus a placebo effect on individuals‬

‭during exercise, with a specific emphasis on heart rate and blood pressure being increased or‬

‭decreased with the use of caffeine or a placebo. The purpose of this research is to explore the‬

‭physiological effects of caffeine on cardiac recovery, or the return to homeostasis, from an‬

‭induced increased stimulation on the cardiovascular system. This includes periods of rest in‬

‭between anaerobic sets, as well as post-workout. Prior research has demonstrated caffeine has a‬

‭strong sympathicotonia effect‬‭6‬‭. The cardiovascular‬‭system is innervated by the parasympathetic‬

‭and sympathetic fibers from the ANS parasympathetic branch. We hypothesize that individuals‬

‭upon completing anaerobic exercise with supplemental caffeine will have a heightened, extended‬

‭time returning to their baseline HR and BP levels than those with a placebo.‬

‭Materials and methods:‬‭Participants underwent a comprehensive‬‭informed consent process,‬

‭baseline physiological measures, including BP and HR. A double-blind design to assess the‬

‭effects of caffeine on HRR and BP were measured during two separate appointments a week‬

‭apart to mitigate fatigue of the experiment. Following a 15-minute holding period, upon‬

‭ingesting the drink, participants performed two 30-second maximal-effort cycling bouts on an‬

‭assault bike, separated by 30 seconds of active recovery. Post-exercise HR measurements were‬

‭obtained immediately after each bout. Following the exercise session, participants’ BP and HR‬

‭were recorded in 5-minute intervals for a duration of 15 minutes to assess post-exercise recovery‬

‭dynamics. Suggestive participant feedback during both tests was documented. The research used‬



‭a Polar H7 heart rate monitor strapped to the participants’ chests, and the corresponding heart‬

‭rate app for measuring heart rate all test results. Blood pressure was measured using the Omron‬

‭IntelliSense digital blood pressure monitor both before supplementation and after exercise. A‬

‭pure green tea extract was the choice caffeine supplement due to its ready availability and‬

‭minimal additives. A digital scale was used to measure out the appropriate amount of caffeine‬

‭unique to each individual. Single-serving, non-caffeinated Crystal Light mixed in 20 ounces of‬

‭water was used as a flavoring agent to mask the taste of the caffeine. The Rogue Echo Assault‬

‭bike was used to elevate the individual's heart rate due to the nature of its full-body involvement.‬

‭Results:‬

‭Figure 1.1:‬

‭Figure 1.1, the average of n=16 caffeinated subjects (shown in red) and non-caffeinated subjects‬

‭(shown in blue) of HRR post-anaerobic exercise after 5 minutes.‬

‭Figure 1.2:‬



‭Figure 1.2, the average of n=16 caffeinated subjects (shown in red) and non-caffeinated subjects‬

‭(shown in blue) of HRR post-anaerobic exercise after 10 minutes.‬

‭Figure 1.3:‬

‭Figure 1.3, the average of n=16 caffeinated subjects (shown in red) and non-caffeinated subjects‬

‭(shown in blue) of HRR post-anaerobic exercise after 5 minutes.‬

‭Discussion:‬‭The results did not indicate a statistical‬‭significance between HRR of individuals‬

‭who consumed caffeine before the test versus placebo after 5 minutes (Figure 1.1). Similarly, no‬

‭change in HRR was observed between the two groups after 10 minutes (Figure 1.2) and 15‬

‭minutes (Figure 1.3). The test, correlating HRR in acute anaerobic exercise, yielded the‬

‭following statistically non-significant results: HRR after 5 minutes (p = 0.189), HRR after 10‬

‭minutes (p = 0.455), and HRR after 15 minutes (p = 0.190). All p-values did not meet the‬

‭threshold for statistical significance (p < 0.05), which was the benchmark for this research..‬

‭Conclusion:‬‭In the context of this study, the expected‬‭activation of the SNS by caffeine did not‬

‭translate into a significant impact on HRR post-anaerobic exercise. One reason could be due to‬

‭the quantity of participants (n=16). A greater number of participants might have demonstrated‬

‭more statistically notable results, especially when considering the range of subjective feedback‬



‭gathered between tests from participants. This lack of significant effect could also be attributed‬

‭to the specific population examined. The sample consisted of active university students (ages‬

‭18-22), who are likely more metabolically resilient and less susceptible to SNS-induced‬

‭disruptions in homeostasis compared to a sedentary or middle-aged population. Additionally,‬

‭younger individuals tend to exhibit greater physiological robustness, which might mitigate the‬

‭impact of caffeine on HRR. Therefore, the expected SNS-triggered responses were not‬

‭sufficiently pronounced to influence the measured outcomes in this metabolically resilient age‬

‭group.‬

‭Future investigation into the impact of caffeine in an anaerobic setting will likely be more‬

‭insightful with a greater breadth of population. Moreover, the inclusion of non-active subjects‬

‭may display clearer conclusions. More research is warranted to experiment how caffeine‬

‭consumption affects individuals' HRR in aerobic settings as well.‬



‭References‬

‭Martinez, N., Campbell, B., Franek, M., Buchanan, L., & Colquhoun, R. (2021). The effect of‬

‭acute pre-workout supplementation on power and strength performance.‬‭Journal of the‬

‭International Society of Sports Nutrition‬‭,‬‭13‬‭, 29.‬

‭https://doi.org/10.1186/s12970-016-0138-7‬

‭Bennett, J. M., Rodrigues, I. M., & Klein, L. C. (2013). Effects of Caffeine and Stress on‬

‭Biomarkers of Cardiovascular Disease in Healthy Men and Women with a Family‬

‭History of Hypertension: Caffeine, Stress and FH Hypertension.‬‭Stress and Health, 29‬‭(5),‬

‭401-409. 10.1002/smi.2486‬

‭Buchheit, M.‬‭,‬‭Papelier‬‭, Y.,‬‭Laursen, P. B.‬‭, &‬‭Ahmaidi,‬‭S‬‭. (2007). Noninvasive assessment of‬

‭cardiac parasympathetic function: postexercise heart rate recovery or heart rate‬

‭variability?‬‭American Journal of Physiology‬‭. https://doi.org/10.1152/ajpheart.00335.2007‬

‭Chei, C., Loh, J. K., Soh, A., Yuan, J., & Koh, W. (2018). Coffee, tea, caffeine, and risk of‬

‭hypertension: The Singapore Chinese Health Study.‬‭European Journal of Nutrition; Eur J‬

‭Nutr, 57‬‭(4), 1333-1342. 10.1007/s00394-017-1412-4‬

‭Costa, J. B. Y., Casonatto, J., Ruiz, R. J., Anunciacao, P. G., & Polito, M. D. (2012). Effect of‬

‭caffeine intake on blood pressure and heart rate variability after a single bout of aerobic‬

‭exercise : original research article.‬‭International‬‭Sportmed Journal for FIMS, 13‬‭(3),‬

‭109-121.‬

‭da Silva Rolim, P., da Silva Rolim, P., da Costa Matos, R. A., Von Koenig Soares, Edgard‬

https://journals.physiology.org/doi/full/10.1152/ajpheart.00335.2007#
https://journals.physiology.org/doi/full/10.1152/ajpheart.00335.2007#
https://journals.physiology.org/doi/full/10.1152/ajpheart.00335.2007#
https://journals.physiology.org/doi/full/10.1152/ajpheart.00335.2007#


‭de,Melo Keene, Molina, G. E., & da Cruz, C.,Janssen Gomes. (2019).‬‭Caffeine increases‬

‭parasympathetic reactivation without altering resting and exercise cardiac‬

‭parasympathetic modulation: A balanced placebo design‬‭.‬‭Champaign, Ill.] : Human‬

‭Kinetics. 10.1080/17461391.2018.1532532‬

‭Davis, J. K., & Green, J. M. (2009). Caffeine and anaerobic performance: ergogenic value and‬

‭mechanisms of action.‬‭Sports medicine (Auckland, N.Z.)‬‭,‬‭39‬‭(10), 813–832.‬

‭https://doi.org/10.2165/11317770-000000000-00000‬

‭Guessous, I., Dobrinas, M., Kutalik, Z., Pruijm, M., Ehret, G., Maillard, M., Bergmann, S.,‬

‭Beckmann, J. S., Cusi, D., Rizzi, F., Cappuccio, F., Cornuz, J., Paccaud, F., Mooser, V.,‬

‭Gaspoz, J., Waeber, G., Burnier, M., Vollenweider, P., Eap, C. B., & Bochud, M. (2012).‬

‭Caffeine intake and CYP1A2 variants associated with high caffeine intake protect‬

‭non-smokers from hypertension.‬‭Human Molecular Genetics;‬‭Hum Mol Genet, 21‬‭(14),‬

‭3283-3292. 10.1093/hmg/dds137‬

‭Guessous, I., Pruijm, M., Ponte, B., Ackermann, D., Ehret, G., Ansermot, N., Vuistiner, P.,‬

‭Staessen, J., Gu, Y., Paccaud, F., Mohaupt, M., Vogt, B., Pechere-Berstchi, A., Martin, P.,‬

‭Burnier, M., Eap, C. B., & Bochud, M. (2015). Associations of Ambulatory Blood‬

‭Pressure With Urinary Caffeine and Caffeine Metabolite Excretions.‬‭Hypertension‬

‭(Dallas, Tex.1979); Hypertension, 65‬‭(3), 691-696.‬

‭10.1161/HYPERTENSIONAHA.114.04512‬

‭Yeh, T., Liu, C., Cheng, W., Chen, B., Lu, P., Cheng, P., Ho, W., Sun, G., Liou, J., & Tseng, C.‬



‭(2014). Caffeine Intake Improves Fructose-Induced Hypertension and Insulin Resistance‬

‭by Enhancing Central Insulin Signaling.‬‭Hypertension‬‭(Dallas, Tex.1979); Hypertension,‬

‭63‬‭(3), 535-541. 10.1161/HYPERTENSIONAHA.113.02272‬


	Caffeine’s Impact on Heart Rate Variability During Short-Term Exercise in University Students
	Recommended Citation

	Final Paper Biokinetics Research - Google Docs

