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Caffeinated chewing gum enhances maximal strength and muscular endurance during bench press and back squat exercises in resistance-trained men
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Introduction: Caffeinated chewing gum, known for its rapid absorption, has not been previously studied for its effects on maximal strength and muscular endurance in resistance exercise. The aim of this study was to determine the efficacy of caffeinated chewing gum on maximal strength and muscular endurance during bench press and back squat exercises.

Methods: In a randomized, double-blind design, 16 resistance-trained males (age: 21.6 ± 2.0 years, height: 176.8 ± 6.1 cm, mass: 79.6 ± 8.8 kg) chewed either caffeinated gum (3 mg/kg) or a placebo gum on two occasions, 1 week apart. After a standardized warm-up, participants chewed the gum for 5 min before performing maximal strength test (one-repetition maximum [1RM]) and muscular endurance test (60% 1RM repetitions to failure) for bench press and back squat exercises. 1RM, number of repetitions, ratings of perceived exertion and pain perception were assessed.

Results: Caffeinated chewing gum significantly improved 1RM in both bench press (105.3 ± 14.5 vs. 100.3 ± 13.4 kg, +5.0% [95% confidence interval (CI): 3.7–6.3%], p < 0.01) and back squat (172.3 ± 20.2 vs. 161.9 ± 22.3 kg, +6.8% [95%CI: 4.1–9.5%], p < 0.01) exercises with small effect size (Cohen’s d: 0.36 [95%CI: 0.09–0.63] and 0.49 [95%CI: 0.22–0.76], respectively), despite similar levels of pain perception and RPE (p > 0.05). It also increased the number of repetitions in both bench press (20 ± 5 vs. 17 ± 4, +18.8% [95%CI: 11.5–26.1%], p < 0.01) and back squat (37 ± 11 vs. 28 ± 8, +33.3% [95%CI: 23.1–43.4%], p < 0.01) exercises with moderate-to-large effect size (Cohen’s d: 0.76 [95%CI: 0.48–1.03] and 0.89 [95%CI: 0.60–1.16], respectively), despite similar levels of pain perception and RPE (p > 0.05).

Discussion: Caffeinated chewing gum (3 mg/kg) improved both maximal strength and muscular endurance during bench press and back squat exercises in resistance-trained men. This approach offers a practical and time-efficient method to improve training performance while minimizing the risk of side effects.
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1 Introduction

Caffeine (1,3,7-trimethylxanthine) is a widely used ergogenic supplement among athletes and non-athletes (1). Its performance-enhancing effects have been recognized for over a century (2), with substantial evidence supporting its benefits across aerobic (3, 4), anaerobic (5), and sport-specific exercises (6). Recently, as resistance exercise has gained popularity, research on caffeine’s effects in this domain is also expanding (7–9).

A substantial and growing body of evidence supports the performance-enhancing effects of moderate doses of caffeine (5–6 mg/kg) on maximal strength (one-repetition maximum [1RM]) and muscular endurance (repetition to task failure at 60–70% 1RM) during bench press and/or back squat exercises (10–12), which are common among both recreational and competitive athletes. The primary mechanism is likely the role of caffeine as an adenosine receptor antagonist (8, 13), which may inhibit the negative effects of adenosine on neurotransmission, perceived exertion, pain perception, and arousal (5, 14, 15). In addition, caffeine may increase sodium-potassium pump activity, potentially enhancing excitation contraction coupling (5). Traditionally, caffeine has been consumed in capsules, coffee, or energy drinks approximately 1 h prior to exercise (16–18). However, the slow absorption rate of caffeine from solid or liquid forms through the gastrointestinal tract may lead to fluid overload or gastrointestinal discomfort during intense exercise (19). Therefore, alternative caffeine usage methods that minimize these side effects and facilitate faster absorption are warranted, especially for resistance-trained athletes.

Caffeinated chewing gum offers faster absorption of circulating caffeine compared to capsules, via absorption through the buccal cavity, bypassing first-pass metabolism (5–10 vs. 45–60 min) (20, 21). This method may also minimize the risk of gastrointestinal disorders in athletes (21). Existing studies have shown that gum containing low-to-moderate caffeine doses (2.4–4.5 mg/kg) improves performance in activities such as cycling (21, 22), running (23), and team sports (24). Furthermore, two recent studies found that gum containing relatively low caffeine doses (2.5–3.6 mg/kg) enhances muscular power and explosive performance during resistance exercises (e.g., Romanian deadlift and bench press) (25, 26). However, a review indicated that the effects of caffeine on power may differ from those on maximal strength (1RM) and muscular endurance (repetitions to failure) during resistance exercise (8). Thus, it remains unclear whether gum containing low-dose caffeine (3 mg/kg) also enhances maximal strength and muscular endurance.

The primary purpose of this study was to test the hypothesis that gum containing low dose caffeine (3 mg/kg) would significantly increase maximal strength (1RM) and muscular endurance (number of repetitions) in both bench press and back squat exercises in resistance-trained men.



2 Materials and methods


2.1 Participants

Sixteen resistance-trained young men were recruited in this study [mean ± standard deviation (SD); age: 21.6 ± 2.0 years; height: 176.8 ± 6.1 cm; body mass: 79.6 ± 8.8 kg; training history: 4.4 ± 1.1 years; 1RM bench press: 99.7 ± 15.6 kg; 1RM back squat: 154.7 ± 22.6 kg]. Participants’ habitual caffeine intake was assessed using the validated Food Frequency Questionnaire (FFQ) and a caffeine intake habit classification table (27, 28), revealing that all participants had naive to mild (0–2.99 mg/kg/day) daily caffeine intake. Inclusion criteria were: (a) young men aged 18–40 years; (b) at least 2 years of resistance training experience, engaging in bench press and back squat exercises at least once weekly; (c) able to perform bench press and back squat exercises with 100 and 125% of body mass, respectively (29). Exclusion criteria included: (a) the presence of any neuromuscular, musculoskeletal, neurological, immunological, or cardio-metabolic disorders; (b) self-reported smoking status; and (c) a self-reported allergy to caffeine (30, 31). This study was approved by the Scientific Research Ethics Committee of Shanghai university of Sport (No. 102772023RT013). During the participant recruitment phase, all participants provided written informed consent.



2.2 Experimental design

A randomized, double-blind, placebo-controlled, cross-over design was used to examine the effectiveness of caffeinated chewing gum on maximal strength (1RM) and muscular endurance (number of repetitions at 60% 1RM to failure) during both bench press and back squat exercises. Participants attended the laboratory three times, once for familiarization and preliminary 1RM testing for both exercises and twice for experimental sessions separated by 1 week to ensure full recovery and substance wash-out. All sessions were conducted between 12:00 and 16:00 to avoid potential influences of circadian rhythms (11).

During each experimental session, participants underwent identical protocols, performing 1RM and 60% 1RM repetitions to failure for both bench press and back squat exercises after chewing either caffeinated gum (3 mg/kg) or placebo gum (Figure 1). Numerous published studies have set the load at 60%1RM (29, 32, 33). An independent researcher used randomization software (Excel Office, Microsoft, Washington, United States) to randomize and counterbalance the intervention order (34). Furthermore, a sensitivity analysis revealed no effects of session order on 1RM (p > 0.05; Cohen’s d: −0.21 [95%CI: −0.90 to 0.49]) or muscular endurance (p > 0.05; Cohen’s d: −0.06 [95%CI: −0.76 to 0.63]). Participants were instructed to avoid vigorous exercise and abstain from caffeine intake 24 h before the experiment. All participants were provided with a list of caffeinated items to avoid consumption, such as soda, coffee, chocolate, and energy drinks.
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FIGURE 1
 Overview of the experimental protocol.




2.3 Experimental protocol

During the familiarization session, participants’ height, weight, 1RM bench press, and 1RM back squat were initially assessed. The 1RM was obtained using free-weight equipment (Cybex, Medway, MA, United States) according to the technical guidelines provided by Baechle and Earle (35). This 1RM value was then used to set the load for the 60% 1RM repetitions to failure tests in bench press (59.8 ± 8.4 kg) and back squat (94.6 ± 14.0 kg) exercises in the subsequent experimental sessions. Pilot testing revealed excellent interclass correlation (ICC) for 1RM bench press (ICC = 0.98, 95% confidence interval [CI] = 0.94–0.99) and 1RM back squat (ICC = 0.96, 95% CI = 0.88–0.98) over 2 days in our laboratory. Additionally, participants were instructed to document their diet 24 h prior to this visit and replicate it on the day preceding each experimental session.

Upon arrival for each experimental session, participants engaged in a 10-min general warm-up consisting of 5 min of jogging on a treadmill at a self-selected pace followed by 5 min of self-selected dynamic stretches and joint mobilization exercises. Afterward, participants chewed either placebo or caffeinated chewing gum for 5 min before beginning the 1RM and 60% 1RM repetitions to failure tests for both bench press and back squat exercises. Two experienced spotters monitored and provided feedback on exercise technique to ensure standardization. In addition, to minimize potential interference from exercise sequence and variations in serum caffeine concentration over time on caffeine’s effectiveness (32, 36, 37), the order of the bench press and back squat exercises was randomized and counterbalanced across participants, remaining consistent for each individual during both experimental sessions using randomization software (Excel Office, Microsoft, Washington, United States). Participants were instructed not to wear bench shirts, weightlifting belts, or other supportive garments during the tests (38). After each test, participants were immediately asked to identify the substance they believed they had ingested, and a side effects survey was conducted 24 h later.


2.3.1 Maximal strength (1RM) and muscular endurance (60% 1RM repetitions to failure) tests for bench press exercise

Before determining the 1RM for the bench press exercise, participants performed warm-up sets of 10 and 5 repetitions using 50 and 75% of their 1RM measured in familiarization session, respectively (39). After a 5-min rest, participants initiated their first attempt at 95% 1RM established during the familiarization session (40). Following each successful attempt, the load was increased by 2.5–5 kg until the participant failed to complete a full range of motion (11, 38). If an attempt failed, the weight was decreased by 2.5–5 kg until the 1RM was determined (11, 38). Verbal encouragement was provided during each attempt. Thus, the 1RM was determined within 3–5 attempts, with a 3-min rest between each attempt (41). To ensure safety, all 1RM attempts were conducted with safety pins and two experienced spotters present.

After a 5-min passive rest, participants proceeded to the muscular endurance test, which involved performing bench press repetitions to failure at 60% 1RM, following a 2/0/X/0 cadence (2 s for the eccentric phase, no pause during the transition phase, maximum tempo during the concentric phase, and no pause at the end of the movement) (42). The cadence was controlled by a metronome set to 30 beats/min (10). The muscular endurance test was terminated when momentary concentric failure occurred (38, 42). The total number of repetitions performed to failure was recorded as an index of muscular endurance performance (43).



2.3.2 Maximal strength (1RM) and muscular endurance (60% 1RM repetitions to failure) tests for back squat exercise

After a 5-min passive rest, participants completed warm-up sets of 10 and 5 repetitions of the back squat exercise using 50 and 75% of their pre-measured 1RM, respectively. Following a 3-min rest, they measured their 1RM in the back squat exercise using the same protocol as for the bench press exercise. Participants positioned their feet slightly wider than shoulder width, adhering to recommendations of Baechle and Earle (35). A successful repetition required completing the back squat exercise until the hips and knees reached the same level in the concentric phase (39). Therefore, a bungee cord was positioned at the parallel back squat depth, and participants had to touch the cord with their buttocks before ascending (44). After determining the 1RM, participants rested for 5 min and then performed a 60% 1RM repetitions-to-failure test for the back squat exercise, following the same procedure and standards as the bench press. The total number of repetitions performed to failure was also recorded as an index of muscular endurance performance.




2.4 Ratings of perceived exertion and pain perception

Ratings of perceived exertion (RPE) and pain perception were assessed using the validated 6–20 point RPE scale and the 0–10 point pain perception scale (45, 46), respectively. These assessments were conducted within 5 s of a successful 1RM attempt and upon completion of the muscular endurance test. Prior to each trial, participants received instructions on the proper use of these scales.



2.5 Administration of caffeinated and placebo chewing gum

In each trial, participants chewed the gum for 5 min before expectorating it into a container. It has been previously reported that 85% of the dose is released within this time frame (20). Chewing was timed using a handheld stopwatch. Each gum contained 3 mg/kg of caffeine from a commercially available chewing gum (Military Energy gum; Market Right Inc., Plano, IL, United States), as this dosage is considered the threshold for ergogenic effects in resistance exercise (47, 48). The placebo was a commercially available non-caffeinated chewing gum (Spearmint Extra professional; Wrigley’s, Chicago, IL, United States), similar in taste, shape and size. All gum samples were weighted using a high-precision electronic digital scale, wrapped in uniform foil, and administered by a designated experimenter.



2.6 Assessment of blinding and side effects

At the end of each experimental session (20), the effectiveness of the blind procedure was assessed by asking participants: “What substance do you think you ingested?.” Response options included: (a) caffeinated chewing gum; (b) placebo chewing gum; and (c) I do not know (49). Additionally, 24 h after completing the test, participants filled out a side effects questionnaire (QUEST), a nine-item dichotomous scale assessing side effects associated with caffeine consumption (38).



2.7 Statistical analysis

Data were reported as means ± standard deviation (SD). The normality of the sample data was assessed using the Shapiro–Wilk test. A paired sample t-test was used to investigate differences in performance outcomes (1RM, number of repetitions) and perceptual responses (RPE and pain perception) between conditions. Effect sizes were reported using Cohen’s d (trivial: 0 ≤ d < 0.2; small: 0.2 ≤ d < 0.5; moderate: 0.5 ≤ d < 0.8; large: d ≥ 0.8) (50). Statistical significance was set at p < 0.05. In addition, the effectiveness of blinding was assessed using Bang’s Blinding Index (BBI), with a value of −1.0 indicating complete opposite guessing and a value of 1.0 indicating a complete lack of blinding (51). All data analyzes were carried out using SPSS (version 22.0; SPSS Inc., Chicago, IL, United States).




3 Results


3.1 Maximal strength

Caffeinated chewing gum significantly increased 1RM for both bench press (105.3 ± 14.5 vs. 100.3 ± 13.4 kg, +5.0% [95% confidence interval (CI): 3.7–6.3%], p < 0.01) and back squat (172.3 ± 20.2 vs. 161.9 ± 22.3 kg, +6.8 [95%CI: 4.1–9.5%], p < 0.01) exercises with small effect size (Cohen’s d: 0.36 [95%CI: 0.09–0.63] and 0.49 [95%CI: 0.22–0.76], respectively), compared to placebo chewing gum (Figures 2A,B).
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FIGURE 2
 The one-repetition maximum in bench press (A) and back squat (B) exercises. Error bars represent standard deviation. *p < 0.05 caffeine vs. placebo trials.




3.2 Muscular endurance

Caffeinated chewing gum resulted in improvement in number of repetitions for both bench press (20 ± 5 vs. 17 ± 4, +18.8% [95%CI: 11.5–26.1%], p < 0.01) and back squat (37 ± 11 vs. 28 ± 8, +33.3% [95%CI: 23.1–43.4%], p < 0.01) exercises with moderate-to-large effect size (Cohen’s d: 0.76 [95%CI: 0.48–1.03] and 0.89 [95%CI: 0.60–1.16], respectively), compared to placebo chewing gum (Figures 3A,B).

[image: Figure 3]

FIGURE 3
 The number of repetitions in bench press (A) and back squat (B). Error bars represent standard deviation. *p < 0.05 caffeine vs. placebo trials.




3.3 Perceptual responses

RPE and pain perception did not differ between conditions in either bench press or back squat exercises (all p > 0.05) (Figures 4, 5).

[image: Figure 4]

FIGURE 4
 Ratings of perceived exertion and perceived pain during muscular strength test for bench press (A,B) and back squat (C,D) exercises. Error bars represent standard deviation.


[image: Figure 5]

FIGURE 5
 Ratings of perceived exertion and perceived pain during muscular endurance test for bench press (A,B) and back squat (C,D) exercises. Error bars represent standard deviation.




3.4 Assessment of blinding and side effects

The statistical results indicated that blinding was generally effective in both the caffeine group (BBI: 0.31 [95%CI: −0.06 to 0.69]) and placebo group (BBI: 0.18 [95% CI: −0.20 to 0.58]). Additionally, 37.5% of participants reported side effects, including increased urine output, gastrointestinal problems, anxiety or nervousness, tachycardia and heart palpitations, and insomnia (Table 1).



TABLE 1 The number (frequency) of participants who reported side effects 24 h later, out of 16 participants.
[image: Table1]




4 Discussion

The major finding of this study is that chewing a low dose of caffeinated gum (3 mg/kg) for 5 min significantly increases 1RM and the number of repetitions to failure during both bench press and back squat resistance exercises, without affecting RPE or pain perception. These results suggest that caffeinated chewing gum is an effective ergogenic aid for enhancing both upper and lower limb maximal strength and muscular endurance performance in resistance-trained men.


4.1 Effect of caffeinated chewing gum on maximal strength

Our results revealed that chewing 3 mg/kg of caffeinated gum for 5 min significantly increased 1RM for both bench press and back squat exercises (Figure 2). This is consistent with the meta-analysis by Grgic et al. (7), which demonstrated that caffeine intake (3–7 mg/kg) in traditional forms (e.g., capsules and liquids) significantly improved upper and lower body maximal strength in men. Furthermore, the effect sizes (Cohen’s d) observed in our study for caffeinated chewing gum (bench press: 0.36 [95%CI: 0.09–0.63], back squat: 0.49 [95%CI: 0.22–0.76]) are comparable to recent research on caffeine intake (3–6 mg/kg) in capsule form, which improved 1RM for bench press (Cohen’s d: 0.17–0.40) (11, 42, 52) and back squat (Cohen’s d: 0.20–0.30) (29, 33) exercises in resistance-trained participants. Additionally, our study builds on previous research showing that caffeinated chewing gum significantly increases muscular power (movement velocity and power output) (25, 26), and provides new evidence of its potential to enhance maximal strength, further supporting its role as an effective ergogenic aid for resistance exercise. Mechanistically, caffeinated chewing gum allows caffeine to be absorbed into the bloodstream either through the gastrointestinal tract via swallowed saliva and/or directly through the extensive vascularization of the buccal mucosa, enabling it to compete for adenosine binding sites in the central nervous system (48). This competition leads to increased hormone secretion (e.g., catecholamines and acetylcholine) (53), enhanced neuromuscular recruitment and faster firing rates (15), ultimately enhancing maximal strength. In addition, caffeine entering systemic circulation can also directly act on skeletal muscle (20), promoting the release and reuptake of calcium ions from the sarcoplasmic reticulum, ultimately increasing cross-bridge formation and enhancing maximal strength (5). Furthermore, the potential mechanism of bitter taste stimulation induced by caffeinated chewing gum should not be overlooked. Specifically, caffeine may bind to bitter taste receptors in the mouth, stimulating brain regions responsible for motor control and emotional processing, thereby enhancing central arousal and improving resistance exercise performance (54, 55).

Substantial evidence supports caffeine’s ergogenic effects on upper and lower body maximal strength (11, 33, 42), but some studies report conflicting results (21, 56, 57). For example, previous research found that caffeine intake in tablet form (400 mg and 201 mg) did not improve 1RM bench press and 1RM back squat in untrained individuals (56, 57). This discrepancy may be attributed to the participants’ training status. Trained individuals often exhibit greater mental discipline, enabling them to harness more pronounced ergogenic effects from caffeine compared to untrained individuals (58). Alternatively, trained individuals may possess a higher density of adenosine receptors, making them more responsive to caffeine, which could lead to greater benefits (59, 60). However, our study focused solely on resistance-trained individuals, leaving the effects of caffeinated chewing gum on 1RM in untrained individuals uncertain, which warrants further investigation. Additionally, Wilk et al. (38) reported no significant enhancement in 1RM for bench press following two doses of caffeine (9 and 11 mg/kg) in trained athletes. This might be attributed to the high caffeine doses, resulting in severe side effects in 90% of cases (38), ultimately reducing the ergogenic effects of caffeine (21).



4.2 Effect of caffeinated chewing gum on muscular endurance

Our study found that chewing 3 mg/kg caffeinated gum significantly increased number of repetitions for both bench press and back squat at 60% 1RM (Figure 3). This aligns with Ferreira et al.’s meta-analysis, which found that caffeine intake (3–11 mg/kg) in traditional forms (e.g., capsules and liquids) significantly increased repetitions for bench press at loads ranging from 30 to 80% 1RM (61). The effect sizes (Cohen’s d) in our study (bench press: 0.76 [95%CI: 0.48–1.03], back squat: 0.89 [95%CI: 0.60–1.16]) were consistent with those observed in other research on caffeine ingestion (4–6 mg/kg) in capsule form, which enhanced the number of repetitions for bench press (Cohen’s d: 0.33–0.58) (12, 33) and back squat (Cohen’s d: 0.35–0.90) (11, 12, 33) at 60–70% 1RM in resistance-trained individual. This suggests that, compared to capsules, caffeinated chewing gum can produce similar effects at relatively low dosage (3 mg/kg vs. 4–6 mg/kg). Fatigue from a decline in neural drive significantly influences muscular endurance during resistance exercise (31, 62). The improved muscular endurance observed here is likely primarily due to the ‘anti-fatigue’ effects of caffeine chewing gum (63). Caffeinated gum can reduce RPE and pain perception (39), thereby deteriorating central inhibitory motor control (64), slowing the decline in neural drive, and improve muscular endurance (60). Grgic et al. (39) suggested that caffeine ingestion can improve power output at a given level of pain perception and RPE. Our results support this, showing that caffeinated chewing gum increased the number of repetitions for both bench press and back squat compared to placebo, despite similar levels of pain perception and RPE (Figure 5).

Astorino et al. (32) indicated that ingesting a moderate dose of caffeine (6 mg/kg) in capsule form did not improve the number of the bench press repetitions in resistance-trained individuals. This result contrasts with our results and those of comparable research (11, 12, 33), which may be explained by the inclusion of higher caffeine consumers (600 mg/day) in their study, as well as insufficient rest between the 1RM and the muscular endurance tests. Habitual caffeine intake (≥3 mg/kg/day) can reduce its ergogenic effect on exercise performance by increasing the body’s tolerance to caffeine (3, 65), possibly reducing its ergogenic effect on muscular endurance during bench press. Furthermore, in the study by Astorino et al. (32) the muscular endurance test was conducted immediately after the 1RM test, with no sufficient rest period. This may have exacerbated fatigue, potentially diminishing the effects of caffeine (29, 40). Additionally, in the study by Astorino et al. (32), 1RM was measured after participants ingested substances during each session. Since our study demonstrated that caffeine significantly increased 1RM (Figure 2), these contradictory results may be attributed to differences in the absolute load at 60%1RM. However, further research is needed to confirm this.



4.3 Side effects of caffeinated chewing gum

Paton et al. (21) indicated that caffeinated chewing gum may cause fewer side effects compared to capsules. Our study supports this, showing a lower incidence of side effects (i.e., muscle soreness: 0% vs. 24%; insomnia: 6.3% vs. 34%) compared to a systematic review involving 421 participants that examined the side effects of low-dose caffeine (≤3 mg/kg) intake capsules, liquids, and energy drinks (66). Another study on the effects of the same caffeine dose (3 mg/kg) in capsule form on resistance performance in resistance-trained men reported a higher incidence of side effects, particularly gastrointestinal issues (6.3% vs. 61.5%). This difference may be attributed to the absorption of caffeine from chewing gum primarily occurring through the buccal cavity’s extensive vascularization, bypassing intestinal and hepatic first-pass metabolism, which may reduce gastrointestinal side effects (20, 21). Future research should directly compare the side effects of these two forms of caffeine intake to provide more definitive evidence.



4.4 Limitations and additional considerations

Our study has certain limitations. Firstly, we did not measure brain activity, muscle electrical signals, or neurotransmitters concentrations, which could provide a more comprehensive understanding of caffeine’s effects on maximal strength and muscular endurance. Secondly, although caffeinated chewing gum seems to have a lower incidence of muscle soreness and insomnia compared to traditional caffeine intake forms (e.g., capsule, tablet, and liquid), the underlying mechanisms remain unclear and warrant investigation. Thirdly, a priori power analysis (G*Power version 3.1, Universität Düsseldorf, Düsseldorf, Germany) indicated a minimum sample size of 28, based on an α-level of 0.05, a 1-β error probability of 0.8, a correlation of 0.90, and an effect size (f) of 0.125 for the back squat, as reported by Norum et al. (33). This suggests that the sample sizes in our study (n = 16) and others (n = 15–19) (26, 29, 67) may be underpowered. However, given the effect sizes (Cohen’s d: 0.36–0.89) and all p-values < 0.01 for 1RM and the number of repetitions in our study, increasing the sample size is unlikely to substantially alter our results. Fourthly, our study focused exclusively on the effects of a low dose caffeinated chewing gum (3 mg/kg) on muscular strength and endurance in resistance-trained men. Due to difference in genotypes, habitual caffeine intake, and training status (60), there is large individual variability in the ergogenic effects of caffeine. Future research should seek to establish an “optimal” dosage tailored to different populations, as well as to explore the mechanisms underlying the enhanced maximal strength and muscular endurance associated with caffeinated chewing gum.



4.5 Practical application

Our study indicates that chewing caffeinated gum (3 mg/kg) for 5 min before resistance exercise can enhance both maximal strength and muscular endurance during bench press and back squat exercises. Considering that these exercises are widely performed by both recreational and competitive athletes, many of whom train in the morning, we recommend caffeinated chewing gum as a practical and time-effective means to enhance training performance and reduce the risk of side effects.




5 Conclusion

Caffeinated chewing gum (3 mg/kg) improved both maximal strength and muscular endurance during bench press and back squat exercises in resistance-trained men. This approach offers a practical and time-efficient method to improve training performance while minimizing the risk of side effects.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Scientific Research Ethics Committee of Shanghai university of Sport (No. 102772023RT013). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

LD: Methodology, Writing – review & editing, Data curation, Investigation, Software, Writing – original draft. JL: Writing – review & editing. YY: Investigation, Writing – original draft, Software. LG: Writing – review & editing. BC: Writing – review & editing. YC: Funding acquisition, Methodology, Project administration, Supervision, Writing – review & editing. OG: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by Shanghai Key Lab of Human Performance at Shanghai University of Sport (grant number: 11DZ2261100).



Acknowledgments

We express our sincere appreciation to the participants for their valuable time and diligent effort in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Fulgoni, VL 3rd, Keast, DR, and Lieberman, HR. Trends in intake and sources of caffeine in the diets of US adults: 2001-2010. Am J Clin Nutr. (2015) 101:1081–7. doi: 10.3945/ajcn.113.080077 

 2. Rivers, WHR, and Webber, HN. The action of caffeine on the capacity for muscular work. J Physiol. (1907) 36:33–47. doi: 10.1113/jphysiol.1907.sp001215 

 3. Chen, B, Ding, L, Qin, Q, Lei, TH, Girard, O, and Cao, Y. Effect of caffeine ingestion on time trial performance in cyclists: a systematic review and meta-analysis. J Int Soc Sports Nutr. (2024) 21:2363789. doi: 10.1080/15502783.2024.2363789 

 4. Southward, K, Rutherfurd-Markwick, KJ, and Ali, A. The effect of acute caffeine ingestion on endurance performance: a systematic review and Meta-analysis. Sports Med. (2018) 48:2425–41. doi: 10.1007/s40279-018-0967-4

 5. Davis, JK, and Green, JM. Caffeine and anaerobic performance: ergogenic value and mechanisms of action. Sports Med. (2009) 39:813–32. doi: 10.2165/11317770-000000000-00000 

 6. Salinero, JJ, Lara, B, and Del Coso, J. Effects of acute ingestion of caffeine on team sports performance: a systematic review and meta-analysis. Res Sports Med. (2019) 27:238–56. doi: 10.1080/15438627.2018.1552146 

 7. Grgic, J, Trexler, ET, Lazinica, B, and Pedisic, Z. Effects of caffeine intake on muscle strength and power: a systematic review and meta-analysis. J Int Soc Sports Nutr. (2018) 15:11. doi: 10.1186/s12970-018-0216-0 

 8. Grgic, J. Effects of caffeine on resistance exercise: a review of recent research. Sports Med. (2021) 51:2281–98. doi: 10.1007/s40279-021-01521-x 

 9. Grgic, J. Exploring the minimum ergogenic dose of caffeine on resistance exercise performance: a meta-analytic approach. Nutrition (Burbank, Los Angeles County, Calif). (2022) 97:111604. doi: 10.1016/j.nut.2022.111604 

 10. Duncan, MJ, Stanley, M, Parkhouse, N, Cook, K, and Smith, M. Acute caffeine ingestion enhances strength performance and reduces perceived exertion and muscle pain perception during resistance exercise. Eur J Sport Sci. (2013) 13:392–9. doi: 10.1080/17461391.2011.635811 

 11. Berjisian, E, Naderi, A, Mojtahedi, S, Grgic, J, Ghahramani, MH, Karayigit, R , et al. Are Caffeine's effects on resistance exercise and jumping performance moderated by training status? Nutrients. (2022) 14:4840. doi: 10.3390/nu14224840 

 12. Estifanos, HM, Tonstad, VF, and Thomas, GJHEEMHNSTR. Effect of isolated and combined ingestion of caffeine and citrulline malate on resistance exercise and jumping performance: a randomized double-blind placebo-controlled crossover study. Eur J Nutr. (2023) 62:2963–75. doi: 10.1007/s00394-023-03212-x 

 13. Aguiar, AS Jr, Speck, AE, Canas, PM, and Cunha, RA. Neuronal adenosine a(2A) receptors signal ergogenic effects of caffeine. Sci Rep. (2020) 10:13414. doi: 10.1038/s41598-020-69660-1 

 14. Kalmar, JM, and Cafarelli, E. Caffeine: a valuable tool to study central fatigue in humans? Exerc Sport Sci Rev. (2004) 32:143–7. doi: 10.1097/00003677-200410000-00004 

 15. Behrens, M, Mau-Moeller, A, Weippert, M, Fuhrmann, J, Wegner, K, Skripitz, R , et al. Caffeine-induced increase in voluntary activation and strength of the quadriceps muscle during isometric, concentric and eccentric contractions. Sci Rep. (2015) 5:10209. doi: 10.1038/srep10209 

 16. Astorino, TA, Terzi, MN, Roberson, DW, and Burnett, TR. Effect of two doses of caffeine on muscular function during isokinetic exercise. Med Sci Sports Exerc. (2010) 42:2205–10. doi: 10.1249/MSS.0b013e3181e3a11d 

 17. Magkos, F, and Kavouras, SA. Caffeine use in sports, pharmacokinetics in man, and cellular mechanisms of action. Crit Rev Food Sci Nutr. (2005) 45:535–62. doi: 10.1080/1040-830491379245 

 18. Bloms, LP, Fitzgerald, JS, Short, MW, and Whitehead, JR. The effects of caffeine on vertical jump height and execution in collegiate athletes. J Strength Cond Res. (2016) 30:1855–61. doi: 10.1519/JSC.0000000000001280 

 19. Trexler, ET, Roelofs, EJ, Hirsch, KR, Mock, MG, and Smith-Ryan, AE. Effects of coffee and caffeine anhydrous on strength and sprint performance. J Int Soc Sports Nutr. (2015) 12:702–10. doi: 10.1186/1550-2783-12-S1-P57 

 20. Kamimori, GH, Karyekar, CS, Otterstetter, R, Cox, DS, Balkin, TJ, Belenky, GL , et al. The rate of absorption and relative bioavailability of caffeine administered in chewing gum versus capsules to normal healthy volunteers. Int J Pharm. (2002) 234:159–67. doi: 10.1016/S0378-5173(01)00958-9 

 21. Paton, CD, Lowe, T, and Irvine, A. Caffeinated chewing gum increases repeated sprint performance and augments increases in testosterone in competitive cyclists. Eur J Appl Physiol. (2010) 110:1243–50. doi: 10.1007/s00421-010-1620-6 

 22. Daneshfar, A, Petersen, CJ, Koozehchian, MS, and Gahreman, DE. Caffeinated chewing gum improves bicycle motocross time-trial performance. Int J Sport Nutr Exerc Metab. (2020) 30:427–34. doi: 10.1123/ijsnem.2020-0126

 23. Whalley, PJ, Dearing, CG, and Paton, CD. The effects of different forms of caffeine supplement on 5-km running performance. Int J Sports Physiol Perform. (2020) 15:390–4. doi: 10.1123/ijspp.2019-0287 

 24. Ranchordas, MK, Pratt, H, Parsons, M, Parry, A, Boyd, C, and Lynn, A. Effect of caffeinated gum on a battery of rugby-specific tests in trained university-standard male rugby union players. J Int Soc Sports Nutr. (2019) 16:17. doi: 10.1186/s12970-019-0286-7 

 25. Chen, CH, Wu, SH, Shiu, YJ, Yu, SY, and Chiu, CH. Acute enhancement of Romanian deadlift performance after consumption of caffeinated chewing gum. Sci Rep. (2023) 13:22016. doi: 10.1038/s41598-023-49453-y 

 26. Venier, S, Grgic, J, and Mikulic, P. Acute enhancement of jump performance, muscle strength, and power in resistance-trained men after consumption of caffeinated chewing gum. Int J Sports Physiol Perform. (2019) 14:1415–21. doi: 10.1123/ijspp.2019-0098 

 27. Filip, A, Wilk, M, Krzysztofik, M, and Coso, JD. Inconsistency in the ergogenic effect of caffeine in athletes who regularly consume caffeine: is it due to the disparity in the criteria that defines habitual caffeine intake? Nutrients. (2020) 12:1087. doi: 10.3390/nu12041087

 28. Bühler, E, Lachenmeier, DW, Schlegel, K, and Winkler, G. Development of a tool to assess the caffeine intake among teenagers and young adults. Ernahrungs Umschau. (2014) 61:58–63. doi: 10.4455/eu.2014.011

 29. Grgic, J, and Mikulic, P. Caffeine ingestion acutely enhances muscular strength and power but not muscular endurance in resistance-trained men. Eur J Sport Sci. (2017) 17:1029–36. doi: 10.1080/17461391.2017.1330362 

 30. Filip-Stachnik, A, Krawczyk, R, Krzysztofik, M, Rzeszutko-Belzowska, A, Dornowski, M, Zajac, A , et al. Effects of acute ingestion of caffeinated chewing gum on performance in elite judo athletes. J Int Soc Sports Nutr. (2021) 18:49. doi: 10.1186/s12970-021-00448-y 

 31. Ruiz-Fernández, I, Valadés, D, Dominguez, R, Ferragut, C, and Pérez-López, A. Load and muscle group size influence the ergogenic effect of acute caffeine intake in muscular strength, power and endurance. Eur J Nutr. (2023) 62:1783–94. doi: 10.1007/s00394-023-03109-9 

 32. Astorino, TA, Rohmann, RL, and Firth, K. Effect of caffeine ingestion on one-repetition maximum muscular strength. Eur J Appl Physiol. (2008) 102:127–32. doi: 10.1007/s00421-007-0557-x 

 33. Norum, M, Risvang, LC, Bjørnsen, T, Dimitriou, L, Rønning, PO, Bjørgen, M , et al. Caffeine increases strength and power performance in resistance-trained females during early follicular phase. Scand J Med Sci Sports. (2020) 30:2116–29. doi: 10.1111/sms.13776 

 34. Liu, HS, Liu, CC, Shiu, YJ, Lan, PT, Wang, AY, and Chiu, CH. Caffeinated chewing gum improves basketball shooting accuracy and physical performance indicators of trained basketball players: a double-blind crossover trial. Nutrients. (2024) 16:1256. doi: 10.3390/nu16091256 

 35. Baechle, TR, and Earle, R.W. Essentials of strength training and conditioning. Champaign, IL: Human Kinetics, pp. 395–425 (2000).

 36. Pereira, RM, Marques, DL, Alves, AR, Marinho, DA, Neves, PP, Silva, AJ , et al. The impact of exercise order on velocity performance in the bench press and the squat: a comparative study. Appl Sci. (2024) 14:7436. doi: 10.3390/app14177436

 37. Wickham, KA, and Spriet, LL. Administration of Caffeine in alternate forms. Sports Med. (2018) 48:79–91. doi: 10.1007/s40279-017-0848-2 

 38. Wilk, M, Krzysztofik, M, Filip, A, Zajac, A, and Del Coso, J. The effects of high doses of caffeine on maximal strength and muscular endurance in athletes habituated to caffeine. Nutrients. (2019) 11:1912. doi: 10.3390/nu11081912 

 39. Grgic, J, Sabol, F, Venier, S, Mikulic, I, Bratkovic, N, Schoenfeld, BJ , et al. What dose of caffeine to use: acute effects of 3 doses of caffeine on muscle endurance and strength. Int J Sports Physiol Perform. (2020) 15:470–7. doi: 10.1123/ijspp.2019-0433 

 40. Grgic, J, Mikulic, P, Schoenfeld, BJ, Bishop, DJ, and Pedisic, Z. The influence of caffeine supplementation on resistance exercise: a review. Sports Med. (2019) 49:17–30. doi: 10.1007/s40279-018-0997-y 

 41. Astorino, TA, Martin, BJ, Schachtsiek, L, Wong, K, and Ng, K. Minimal effect of acute caffeine ingestion on intense resistance training performance. J Strength Cond Res. (2011) 25:1752–8. doi: 10.1519/JSC.0b013e3181ddf6db 

 42. Filip-Stachnik, A, Wilk, M, Krzysztofik, M, Lulińska, E, Tufano, JJ, Zajac, A , et al. The effects of different doses of caffeine on maximal strength and strength-endurance in women habituated to caffeine. J Int Soc Sports Nutr. (2021) 18:25. doi: 10.1186/s12970-021-00421-9 

 43. Eckerson, JM, Bull, AJ, Baechle, TR, Fischer, CA, O'Brien, DC, Moore, GA , et al. Acute ingestion of sugar-free red bull energy drink has no effect on upper body strength and muscular endurance in resistance trained men. J Strength Cond Res. (2013) 27:2248–54. doi: 10.1519/JSC.0b013e31827e14f2 

 44. Martinez, SC, Coons, JM, and Mehls, KD. Effect of external load on muscle activation during the barbell back squat. Eur J Sport Sci. (2023) 23:975–82. doi: 10.1080/17461391.2022.2081093 

 45. Cook, DB, O'Connor, PJ, Eubanks, SA, Smith, JC, and Lee, M. Naturally occurring muscle pain during exercise: assessment and experimental evidence. Med Sci Sports Exerc. (1997) 29:999–1012. doi: 10.1097/00005768-199708000-00004 

 46. Borg, G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. (1970) 2:92–8. doi: 10.2340/1650197719702239298

 47. Grgic, J, and Pickering, C. The effects of caffeine ingestion on isokinetic muscular strength: a meta-analysis. J Sci Med Sport. (2019) 22:353–60. doi: 10.1016/j.jsams.2018.08.016 

 48. Barreto, G, Loureiro, LMR, Reis, CEG, and Saunders, B. Effects of caffeine chewing gum supplementation on exercise performance: a systematic review and meta-analysis. Eur J Sport Sci. (2023) 23:714–25. doi: 10.1080/17461391.2022.2049885 

 49. Saunders, B, de Oliveira, LF, da Silva, RP, de Salles, PV, Gonçalves, LS, Yamaguchi, G , et al. Placebo in sports nutrition: a proof-of-principle study involving caffeine supplementation. Scand J Med Sci Sports. (2017) 27:1240–7. doi: 10.1111/sms.12793 

 50. Cohen, J. The effect size index: d In: Statistical Power Analysis for the Behavioral Sciences (1988)

 51. Venier, S, Grgic, J, and Mikulic, P. Caffeinated gel ingestion enhances jump performance, muscle strength, and power in trained men. Nutrients. (2019) 11:937. doi: 10.3390/nu11040937 

 52. Diaz-Lara, FJ, Del Coso, J, García, JM, Portillo, LJ, Areces, F, and Abián-Vicén, J. Caffeine improves muscular performance in elite Brazilian Jiu-jitsu athletes. Eur J Sport Sci. (2016) 16:1079–86. doi: 10.1080/17461391.2016.1143036 

 53. Fredholm, BB. Astra award lecture. Adenosine, adenosine receptors and the actions of caffeine. Pharmacol Toxicol. (1995) 76:93–101. doi: 10.1111/j.1600-0773.1995.tb00111.x 

 54. Best, R, McDonald, K, Hurst, P, and Pickering, C. Can taste be ergogenic? Eur J Nutr. (2021) 60:45–54. doi: 10.1007/s00394-020-02274-5 

 55. Pickering, C. Are caffeine's performance-enhancing effects partially driven by its bitter taste? Med Hypotheses. (2019) 131:109301. doi: 10.1016/j.mehy.2019.109301 

 56. Hendrix, CR, Housh, TJ, Mielke, M, Zuniga, JM, Camic, CL, Johnson, GO , et al. Acute effects of a caffeine-containing supplement on bench press and leg extension strength and time to exhaustion during cycle ergometry. J Strength Cond Res. (2010) 24:859–65. doi: 10.1519/JSC.0b013e3181ae7976 

 57. Travis, W, Beck, TJH, Malek, MH, Mielke, M, and Hendrix, R. The acute effects of a caffeine-containing supplement on bench press strength and time to running exhaustion. J Strength Cond Res. (2008) 22:1654–8. doi: 10.1519/JSC.0b013e318181ff2c 

 58. Graham, TE. Caffeine and exercise: metabolism, endurance and performance. Sports Med. (2001) 31:785–807. doi: 10.2165/00007256-200131110-00002 

 59. Mizuno, M, Kimura, Y, Tokizawa, K, Ishii, K, Oda, K, Sasaki, T , et al. Greater adenosine a(2A) receptor densities in cardiac and skeletal muscle in endurance-trained men: a [11C]TMSX PET study. Nucl Med Biol. (2005) 32:831–6. doi: 10.1016/j.nucmedbio.2005.07.003 

 60. Guest, NS, VanDusseldorp, TA, Nelson, MT, Grgic, J, Schoenfeld, BJ, Jenkins, NDM , et al. International society of sports nutrition position stand: caffeine and exercise performance. J Int Soc Sports Nutr. (2021) 18:1. doi: 10.1186/s12970-020-00383-4 

 61. Ferreira, TT, da Silva, JVF, and Bueno, NB. Effects of caffeine supplementation on muscle endurance, maximum strength, and perceived exertion in adults submitted to strength training: a systematic review and meta-analyses. Crit Rev Food Sci Nutr. (2021) 61:2587–600. doi: 10.1080/10408398.2020.1781051 

 62. Walker, S, Davis, L, Avela, J, and Häkkinen, K. Neuromuscular fatigue during dynamic maximal strength and hypertrophic resistance loadings. J Electromyogr Kinesiol. (2012) 22:356–62. doi: 10.1016/j.jelekin.2011.12.009 

 63. Pethick, JW, Samantha, L, and Burnley, M. Caffeine ingestion attenuates fatigue-induced loss of muscle torque complexity. Med Sci Sports Exerc. (2018) 50:236–45. doi: 10.1249/MSS.0000000000001441 

 64. Farina, D, Arendtnielsen, L, Merletti, R, and Gravennielsen, T. Effect of experimental muscle pain on motor unit firing rate and conduction velocity. J Neurophysiol. (2004) 91:1250–9. doi: 10.1152/jn.00620.2003 

 65. Lara, B, Ruiz-Moreno, C, Salinero, JJ, and Del Coso, J. Time course of tolerance to the performance benefits of caffeine. PLoS One. (2019) 14:e0210275. doi: 10.1371/journal.pone.0210275 

 66. de Souza, JG, Del Coso, J, Fonseca, FS, Silva, BVC, de Souza, DB, da Silva Gianoni, RL , et al. Risk or benefit? Side effects of caffeine supplementation in sport: a systematic review. Eur J Nutr. (2022) 61:3823–34. doi: 10.1007/s00394-022-02874-3 

 67. Goldstein, E, Jacobs, PL, Whitehurst, M, Penhollow, T, and Antonio, J. Caffeine enhances upper body strength in resistance-trained women. J Int Soc Sports Nutr. (2010) 7:18. doi: 10.1186/1550-2783-7-18 


Copyright
 © 2025 Ding, Liu, Yao, Guo, Chen, Cao and Girard. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1540552-g005.jpg
Bench press

T
Caffeine

A
DA

A §

a

m © © <« ~N o
ured paa@aIad

] E/\ L 13

VAT |4

z

)

~N
< uorpaxa p

w o ©
- -

aA19213d Jo sBuney

Back squat

Caffeine

Placebo

e ® © % & o
)

a uted panl@asad
o
£
L@
\u £
T
: o
o
r\ 2
@
i ] -8
8
o
S S— —
o 0 ° ©
& - :

© uojuaxa paaedsad jo sbuney





OPS/images/fnut-12-1540552-t001.jpg
\ELELIES Placebo  Caffeine

Increased urine output 2(12.5%) 7(37.5%)
Muscle soreness 0(0%) 0(0%)
Headache 0(0%) 0(0%)
Tachycardia and heart palpitations 0(0%) 1(6.25%)
Increased vigor/activeness 0(0%) 0.(0%)
Anxiety or nervousness 1(6.25%) 2(125%)
Gastrointestinal problems 1(625%) 2(125%)
Insomnia 0(0%) 1(6.25%)
Perception of performance improvement 0(0%) 0(0%)

Both absolute (number of participants) and relative (frequency) data are presented.





OPS/images/fnut-12-1540552-g003.jpg
Back Squat

Bench Press

© ® < ~

(u) suonnadai jo JaquinN

| O L

9
-1
@
Q
]
o

=) o o ) o

< ® « -

(u) suonnadai jo JaqunN

Caffeine

Placebo

Caffeine





OPS/images/fnut-12-1540552-g004.jpg
Bench press

T
Caffeine

pa
Placebo

e ®© © % «~ o
—

m ured panlaalad

~
T
Caffeine

ez
o

p
]

AN

T
Placebo

o 0 o ©
~ - -

< uorpaxa paAadad jo sbuney

Back squat

>
I~
T

Placebo Caffeine

e ® © % &~ o
>

ured paAlaaiad

D

L -
T
Caffeine

T
Placebo

o 0 B ©
«~ - -

© uonaxa paagasad jo sbuney





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Caffeinated chewing gum enhances maximal strength and muscular endurance during bench press and back squat exercises in resistance-trained men



		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Experimental design



		2.3 Experimental protocol



		2.3.1 Maximal strength (1RM) and muscular endurance (60% 1RM repetitions to failure) tests for bench press exercise



		2.3.2 Maximal strength (1RM) and muscular endurance (60% 1RM repetitions to failure) tests for back squat exercise









		2.4 Ratings of perceived exertion and pain perception



		2.5 Administration of caffeinated and placebo chewing gum



		2.6 Assessment of blinding and side effects



		2.7 Statistical analysis









		3 Results



		3.1 Maximal strength



		3.2 Muscular endurance



		3.3 Perceptual responses



		3.4 Assessment of blinding and side effects









		4 Discussion



		4.1 Effect of caffeinated chewing gum on maximal strength



		4.2 Effect of caffeinated chewing gum on muscular endurance



		4.3 Side effects of caffeinated chewing gum



		4.4 Limitations and additional considerations



		4.5 Practical application









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fnut-12-1540552-g001.jpg
RPE and PP
= Smin —
5| o=
| m— a—
5— s—
s side effects questionnaire
g T e, e
OTRM repeiions o flre O5S1RM repeiions o fitre 24 hours
— —
e .
- S-min chew caffeinated gum Ll i REBGLIP
JrEe—— o e \ == swin -
— &
=
1 a—
o
IRM bench press,

IRM back squat

60%1RM repetitions to failure 60%IRM reperitions to fuilure





OPS/images/fnut-12-1540552-g002.jpg
Back Squat

Bench Press

Caffeine

T
Placebo

2 o e o 9 o
B © W © ®w

(6%) wnwixew uonnadal auQ

Caffeine

Placebo

=3
B S )
L1}

(63) wnwixew uonnadas suQ





OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition

Caffeinated chewing gum
enhances maximal strength and
muscular endurance during
bench press and back squat
exercises in resistance-trained
men












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






