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Abstract 2 

Purpose – The aim of this review was to explore the effects of low doses of caffeine (<3 3 

mg/kg) on jumping performance using a meta-analysis. 4 

Design/methodology/approach – The search for eligible studies was performed through six 5 

databases, with additional backward and forward citation tracking. A random-effects meta-6 

analysis was performed to compare the effects of caffeine vs. placebo on jump height. The 7 

methodological quality of the included studies was appraised using the PEDro checklist. 8 

Findings – Eight studies were included in the review. They were classified as good or 9 

excellent methodological quality. The pooled number of participants across all studies was 10 

203. Four studies provided caffeine in relative doses, ranging from 1 to 2 mg/kg. Four studies 11 

provided caffeine supplementation in absolute doses of 80, 150, or 200 mg. The meta-analysis 12 

found that caffeine ingestion increased vertical jump height (Cohen’s d: 0.21; 95% confidence 13 

interval: 0.10, 0.31; p < 0.001; +3.5%).   14 

Originality/value – The present meta-analysis found that caffeine doses of ∼1 to 2 mg/kg 15 

enhance jumping height. The effects observed herein are similar to those with higher caffeine 16 

doses, which is relevant as low caffeine doses produce minimal side effects. For most 17 

individuals, a caffeine dose of ∼1 to 2 mg/kg is equivalent to an amount of caffeine in an 18 

energy drink, one to two cups of coffee, one to two pieces of caffeinated chewing gum, or 19 

several cups of green tea.  20 

Keywords: supplements; ergogenic aids; jumping performance; squat jump; 21 

countermovement jump 22 

 23 

  24 
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1. Introduction  25 

Caffeine is one of the most established ergogenic aids (Grgic et al., 2020). Research has 26 

demonstrated that caffeine ingestion enhances various components of exercise performance, 27 

such as aerobic and muscular endurance, strength, and power (Grgic et al., 2020). Even 28 

though an ergogenic effect of caffeine is commonly observed, the protocols of caffeine 29 

supplementation used in studies varies substantially (Del Coso et al., 2012; McNaughton, 30 

1986). For example, studies have explored the effects of caffeine on exercise performance 31 

while using doses from 1 to 15 mg/kg (Del Coso et al., 2012; McNaughton, 1986). 32 

Traditionally, a caffeine dose of 6 mg/kg was most often used in studies (Grgic et al., 2020). 33 

Still, research in recent years has moved toward exploring the effects of low doses of caffeine 34 

(<3 mg/kg) on exercise performance (Spriet, 2014). This change in the landscape of caffeine 35 

research is because high doses of caffeine are associated with side effects such as nausea and 36 

insomnia (Filip-Stachnik et al., 2021; Goldstein et al., 2010; Spriet, 2014). Indeed, a recent 37 

study that provided 9 mg/kg of caffeine reported that nearly all participants experienced some 38 

of these side effects (Filip-Stachnik et al., 2021). In contrast to high doses, low doses of 39 

caffeine produce minimal side effects (Spriet, 2014). Another aspect to consider is that low 40 

caffeine doses can be consumed even without targeted supplementation, as a caffeine dose of 41 

2 mg/kg for a 70 kg individual is equivalent to a caffeine dose in an energy drink, one to two 42 

cups of coffee, or several cups of green tea (Burke, 2008).  43 

 44 

In addition to side effects, the influence of low caffeine doses is important because of habitual 45 

caffeine intake (McLellan et al., 2016). Data are suggesting that habitual caffeine intake may 46 

moderate the effect of caffeine supplementation on exercise performance (Bell and McLellan, 47 

2002). When examining the effect of caffeine supplementation among participants with 48 

varying habitual caffeine intakes, an ergogenic effect was not observed among those classified 49 

as high habitual caffeine users (Bell and McLellan, 2002). This lack of performance 50 

improvement is suggested to be associated with the mechanism of caffeine, given that 51 

caffeine’s ergogenic effects are explained by its affinity to bind to adenosine receptors (Bell 52 

and McLellan, 2002; McLellan et al., 2016). After binding to adenosine receptors, caffeine 53 

alleviates fatigue, reduces perceived exertion, and enhances performance (McLellan et al., 54 

2016). Animal model studies observed that regular caffeine consumption is associated with an 55 

upregulation of these receptors (Shi et al., 1993). Therefore, over time, larger doses of 56 

caffeine might be needed to produce the same effects previously observed with smaller 57 
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caffeine doses. This notion is supported by a recent study that used a design where caffeine 58 

supplementation was provided daily for 20 straight days (Lara et al., 2019). While an 59 

ergogenic effect was consistently observed, it was the largest on the first day and then 60 

progressively attenuated (Lara et al., 2019). Thus, a prudent recommendation for those 61 

interested in caffeine supplementation would be to start with the lowest ergogenic doses. 62 

However, the effects of low caffeine doses (<3 mg/kg) on many components of exercise 63 

performance are still unclear.   64 

 65 

Spriet (2014) published a narrative review that examined the effects of low doses of caffeine 66 

on exercise performance. However, the major focus of that review was on endurance, with 67 

less attention provided to performance in high-intensity activities, such as jumping 68 

performance (Spriet, 2014). Jumping performance is important in many sports, such as 69 

volleyball, basketball, and soccer (Vescovi and McGuigan, 2008). Studies have demonstrated 70 

that caffeine ingestion enhances vertical jump performance (Bloms et al., 2016; Foskett et al., 71 

2009). However, such effects are observed with higher doses of caffeine. For example, 72 

Foskett et al. (2009) reported that 6 mg/kg of caffeine increases jump height in the 73 

countermovement jump test. A recent meta-analysis also found that caffeine ingestion 74 

enhances jumping performance (Salinero et al., 2019). However, closer scrutiny of the data 75 

highlights that these effects are observed only with moderate-to-high doses as the analysis 76 

restricted the inclusion criteria to studies providing caffeine in doses of 3 mg/kg or higher 77 

(Salinero et al., 2019). Therefore, the influence of low doses of caffeine on jumping 78 

performance is not yet well-established.  79 

 80 

While several recent studies explored the effects of low doses of caffeine on jumping 81 

performance, their findings varied (Arazi et al., 2016; Ellis et al., 2019; Kammerer et al., 82 

2014; Lane et al., 2019; Ranchordas et al., 2018; Ranchordas et al., 2019; Sabol et al., 2020; 83 

Wong et al., 2021). For example, some have found an ergogenic effect of such caffeine doses, 84 

whereas others observed that performance was similar following the ingestion of low doses of 85 

caffeine and placebo (Arazi et al., 2016; Sabol et al., 2020). Given the inconsistent evidence 86 

on the topic, this review aimed to explore the effects of low doses of caffeine on jumping 87 

performance by using a meta-analysis. 88 

 89 
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2. Methods 90 

2.1 Search strategy 91 

The search for eligible studies was performed in two phases (primary and secondary 92 

searches). The primary search involved examining literature in the following bibliographic 93 

databases: Academic Search Elite, Networked Digital Library of Theses and Dissertations, 94 

PubMed/MEDLINE, Scopus, SPORTDiscus, and Web of Science. The following search 95 

syntax was applied: caffeine AND (jump OR jumping OR "countermovement jump" OR 96 

"squat jump" OR plyometrics OR "sargent test"). Quotation marks in the syntax were used for 97 

phrase searching. Secondary searches were comprised of forward and backward citation 98 

tracking. Forward citation tracking included examining studies that cited the included studies 99 

using the Google Scholar database. Backward citation tracking included examining the 100 

reference lists of the included studies. The search for studies was performed on January 28th, 101 

2022.  102 

 103 

2.2 Inclusion criteria 104 

Using the PICO criteria, the following studies were included: 105 

 Population (P): healthy participants  106 

 Interventions (I): caffeine supplementation provided in doses <3 mg/kg 107 

 Comparison (C): placebo  108 

 Outcome (O): jump height  109 

 110 

2.3 Data extraction 111 

We extracted the following data from each included study: 112 

 Lead author name and year of study publication  113 

 Participants characteristics (e.g., sex, training status, habitual caffeine intake) 114 

 Caffeine supplementation protocol 115 

 Jump performance test 116 

 Main study findings  117 

 118 
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2.4 Methodological quality  119 

The quality of the included studies was appraised using the PEDro checklist (Maher et al., 120 

2003). The PEDro checklist has 11-items that evaluate various methodological aspects 121 

(Maher et al., 2003). These include randomization, blinding, allocation concealment, data 122 

reporting, attrition, and inclusion criteria. The answers to all items on the checklist are binary 123 

(“yes” or “no”), where only the “yes” answer is associated with a point. The first item does 124 

not contribute to the summary score and therefore the maximum number of points on the 125 

checklist is 10. Based on the summary scores, studies were classified as poor, fair, good, or 126 

excellent quality if they scored ≤3 points, 4–5 points, 6–8 points, and 9–10 points, 127 

respectively (Grgic, 2018; Grgic and Pickering, 2019). 128 

 129 

2.5 Statistical analysis  130 

The comparison of the effects of placebo vs. caffeine on jumping height was performed using 131 

effect sizes (Cohen’s d) in a random-effects model. To calculate effect sizes, the following 132 

data are needed: 133 

 Jump height mean ± standard deviation data from the placebo and caffeine trials 134 

 Sample size 135 

 Correlation between the caffeine and placebo trials within each study 136 

None of the included studies presented correlation between trials. Based on the available 137 

access to the data from one study (Sabol et al., 2020), correlation between the caffeine and 138 

placebo trials was calculated and it amounted to r = 0.77. This correlation value was therefore 139 

used for all other studies. Sensitivity analyses were performed by examining the pooled 140 

results after excluding the data from one study at a time. Additionally, a sensitivity analysis 141 

was performed by excluding the data from one study (Wong et al., 2021) that used the squat 142 

jump test, as all other studies used the countermovement jump test. Effect sizes were 143 

interpreted by using the established thresholds (Cohen, 1992): 144 

 Trivial (<0.20) 145 

 Small (0.20–0.49) 146 

 Medium (0.50–0.79) 147 

 Large (≥0.80)  148 
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The I2 statistic (which examines the percentage of variation across studies associated with 149 

heterogeneity), was used to examine heterogeneity and interpreted as low (<50%), moderate 150 

(50–75%), and high heterogeneity (>75%). The statistical significance threshold was set at p 151 

< 0.05. All analyses were performed using the Comprehensive Meta-analysis software, 152 

version 2 (Biostat Inc., Englewood, NJ, USA). 153 

 154 

3. Results 155 

3.1 Search results 156 

In the search performed through the bibliographic databases, there were 569 search results. In 157 

this part of the search process, 521 results were excluded after reading the title or abstract. 158 

Therefore, 48 full-text studies were read and eight studies were included (Arazi et al., 2016; 159 

Ellis et al., 2019; Kammerer et al., 2014; Lane et al., 2019; Ranchordas et al., 2018; 160 

Ranchordas et al., 2019; Sabol et al., 2020; Wong et al., 2021). In the backward citation 161 

tracking and forward citation tracking, there were 289 and 169 search results, respectively. 162 

However, there were no studies additionally included. The flow diagram of the search process 163 

is depicted in Figure 1. 164 

 165 

3.2 Summary of studies 166 

The sample sizes in the included studies varied from 10 to 97 participants. The pooled number 167 

of participants across all studies was 203. Six studies included males, while two studies 168 

included females (Table 1). Four studies provided caffeine in relative doses, ranging from 1 to 169 

2 mg/kg. Four studies provided caffeine supplementation in absolute doses of 80, 150, or 200 170 

mg. When expressed in relative values, the caffeine dose amounted to ∼1.2, ∼1.7, ∼2.3, or 171 

∼2.7 mg/kg. Most studies provided caffeine 60 min before exercise. All studies evaluated 172 

jumping performance using the countermovement jump test. One study also used the squat 173 

jump test (Wong et al., 2021).  174 

 175 

3.3 Methodological quality 176 

Seven studies (Arazi et al., 2016; Ellis et al., 2019; Kammerer et al., 2014; Lane et al., 2019; 177 

Ranchordas et al., 2018; Ranchordas et al., 2019; Sabol et al., 2020; Wong et al., 2021) 178 
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scored 9 points on the PEDro checklist and were classified as “excellent” methodological 179 

quality. One study (Ellis et al., 2019) scored 7 points and was classified as “good” 180 

methodological quality (Table 2).  181 

 182 

3.4. Meta-analysis results 183 

Seven studies were included in the meta-analysis as one study (Lane et al., 2019) did not 184 

present the data needed for the calculation of effect sizes and the required data were not 185 

received upon written request.  186 

The meta-analysis found that caffeine ingestion increased vertical jump height (Cohen’s d: 187 

0.21; 95% confidence interval: 0.10, 0.31; p < 0.001; I2 = 0%; Figure 2).   188 

There were minimal changes in the pooled results in the sensitivity analysis that involved 189 

excluding one study at a time. The largest change was observed when excluding the study by 190 

Wong et al. (2021), with a small increase in the pooled effect size (Cohen’s d: 0.24; 95% 191 

confidence interval: 0.08, 0.39).  192 

There was a small reduction in the pooled effect size in the sensitivity analysis that involved 193 

excluding the squat jump test data (Cohen’s d: 0.17; 95% confidence interval: 0.06, 0.27). 194 

Percent changes between the placebo and caffeine trials varied from 0% to 7.1%. Average and 195 

median percent changes following caffeine ingestion were 3.5% and 3.4%, respectively.  196 

  197 

4. Discussion 198 

The main finding of this meta-analysis is that caffeine ingestion in low doses (∼1 to 2 mg/kg) 199 

enhances jumping performance. These results extend previous data that caffeine ingestion in 200 

moderate-to-high caffeine doses is ergogenic for jumping performance. More importantly, the 201 

effect size observed following the ingestion of low caffeine doses is similar to that observed 202 

with higher caffeine doses (Grgic et al., 2018; Salinero et al., 2019). For an individual 203 

weighing 70 kg, a caffeine dose of 1 to 2 mg/kg would be an absolute dose of 70 to 140 mg, 204 

equivalent to an amount of caffeine in an energy drink, one to two cups of coffee, one to two 205 

pieces of caffeinated chewing gum, or several cups of green tea.  206 

 207 
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Current recommendations for caffeine supplementation are to use doses from 3 to 9 mg/kg for 208 

acute improvements in exercise performance (Grgic et al., 2019; Guest et al., 2021). The 209 

findings presented herein highlight that the minimal ergogenic doses of caffeine are lower 210 

than previously suggested. The results observed in this meta-analysis are similar to those 211 

found in previously published meta-analytical data (Grgic et al., 2018; Salinero et al., 2019). 212 

In the first meta-analysis that explored the effects of caffeine on jumping performance, Grgic 213 

et al. (2018) found a small ergogenic effect of caffeine (Cohen’s d: 0.17; 95% confidence 214 

interval: 0.00, 0.34). However, 89% of caffeine doses used in the ten included studies were 215 

between 3 and 7 mg/kg. The average caffeine dose across all studies was 5 mg/kg. In the 216 

second meta-analysis (Salinero et al., 2019), an ergogenic effect of caffeine was found for 217 

single jump performance (Cohen’s d: 0.19; 95% confidence interval: 0.14, 0.25) and repeated 218 

jump performance (Cohen’s d: 0.29; 95% confidence interval: 0.16, 0.42). Still, this previous 219 

review limited their inclusion criteria only to studies using caffeine doses of 3 mg/kg or 220 

higher. Due to these restrictions, the range of caffeine doses was from 3 to 6 mg/kg, while the 221 

average caffeine dose was 5 mg/kg. Therefore, an argument can be made that the previous 222 

data on the ergogenic effects of caffeine are limited to ingesting caffeine in moderate doses, 223 

which highlights the novelty of this review. 224 

 225 

Based on the effect sizes reported in previous meta-analytical data, it seems that low caffeine 226 

doses produce a similar ergogenic effect as moderate-to-high caffeine doses. Specifically, the 227 

pooled effect size in the present analysis is 0.21, which is similar to previously reported effect 228 

sizes (Cohen’s d: 0.17–0.29) (Grgic et al., 2018; Salinero et al., 2019). However, this 229 

comparison is also based on the analysis of studies that differed in a range of methodological 230 

characteristics that may have affected the effect sizes independent of the caffeine dose (e.g., 231 

training status, habitual caffeine intake, and timing of caffeine). Therefore, the most robust 232 

conclusions on the dose-response effects of caffeine can be made when analyzing the effects 233 

of different doses of caffeine within the same study. Three out of the eight included studies 234 

utilized such a design. In one study (Arazi et al., 2016), caffeine doses of 2 and 5 mg/kg were 235 

not ergogenic. In another study (Ellis et al., 2019), caffeine doses of 1, 2, and 3 mg/kg 236 

enhanced jumping performance. However, the probability of improvement was the largest 237 

(96%) with 3 mg/kg and then progressively decreased with the dose reduction (i.e., 84% for 2 238 

mg/kg and 77% for 1 mg/kg). Finally, Sabol et al. (2020) explored the effects of caffeine in 239 

doses of 2, 4, and 6 mg/kg. All three doses were ergogenic in this study, with similar overall 240 
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effectiveness (Cohen’s d: 0.35–0.42; 3.7%–4.1%). This would suggest that lower doses of 241 

caffeine are comparably ergogenic as higher caffeine doses, but more research is needed to 242 

confirm these findings. 243 

 244 

Habitual caffeine intake has been suggested as a moderator of the ergogenic effects of 245 

caffeine supplementation (Bell and McLellan, 2002; Guest et al., 2021). Specifically, it was 246 

suggested that: (i) caffeine ingestion is ergogenic only in low habitual users; and (ii) the 247 

caffeine dose pre-exercise needs to be higher than the amount of caffeine habitually ingested 248 

to experience an ergogenic effect (Bell and McLellan, 2002; Pickering and Grgic, 2019). Out 249 

of the eight included studies, only one compared the effects of caffeine among participants 250 

with varying habitual caffeine intakes. Sabol et al. (2020) explored the effects of 2 mg/kg of 251 

caffeine in low users (27 ± 36 mg/day) and high users (358 ± 210 mg/day). While an overall 252 

ergogenic effect of caffeine on jumping performance was observed, there was no significant 253 

group × condition interaction. These findings are in accord with other studies that did not find 254 

a moderating effect of habitual caffeine intake (Gonçalves et al., 2017; Grgic and Mikulic, 255 

2021). Still, it might be that low caffeine doses are not ergogenic in very high habitual 256 

caffeine users, but future studies are needed to explore this hypothesis.  257 

  258 

While caffeine supplementation has well-established ergogenic effects, several side effects are 259 

associated with its consumption. For example, studies that provided 6 mg/kg of caffeine 260 

reported side effects such as nausea, insomnia, and others (Goldstein et al., 2010; Mora-261 

Rodríguez et al., 2015). Given that side effects increase along with the increase in caffeine 262 

dose, the primary advantage of low caffeine doses is that they produce minimal side effects. 263 

This notion is best demonstrated by one study that provided a caffeine dose of 1 mg/kg and 264 

reported no caffeine-induced side effects (Del Coso et al., 2012). Unfortunately, the studies 265 

included in this review did not directly evaluate side effects following caffeine consumption, 266 

which is something that future research on the topic should consider to provide a more 267 

comprehensive depiction of the effects of low caffeine doses. 268 

 269 

While the included studies received a “good” or “excellent” methodological quality rating on 270 

the PEDro checklist, a few methodological limitations need to be mentioned. First, one study 271 
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(Ellis et al., 2019) used a single-blind study design, which offers lower methodological 272 

quality than the recommended double-blind design. Still, the effect size observed in that study 273 

was similar to the effects observed in other studies, suggesting that this methodological 274 

difference did not affect the results. Additionally, four studies (Arazi et al., 2016; Ellis et al., 275 

2019; Kammerer et al., 2014; Lane et al., 2019) did not evaluate the effectiveness of 276 

participants blinding to the caffeine and placebo trials. In the remaining four studies 277 

(Ranchordas et al., 2018; Ranchordas et al., 2019; Sabol et al., 2020; Wong et al., 2021), 278 

blinding was explored and was considered to be effective, given that 5% to 40% of 279 

participants were able to identify the caffeine condition. Future studies should evaluate the 280 

effectiveness of the blinding as correct supplement identification may influence the outcome 281 

of an exercise task and confound the results (Grgic et al., 2021; Saunders et al., 2017). It 282 

should also be mentioned that the majority of the studies included males as participants. 283 

Therefore, the results presented herein are mostly specific to males and future research is 284 

needed to explore the effects of low caffeine doses on jumping performance in females. 285 

Future studies are also needed to establish the minimal ergogenic dose of caffeine. While the 286 

findings presented herein suggest an ergogenic effect of ∼1 to 2 mg/kg caffeine doses, it is 287 

unclear if even lower doses may be ergogenic.  288 

 289 

5. Conclusions 290 

Previous studies and meta-analyses found that caffeine ingestion enhances jumping 291 

performance. However, these ergogenic effects were generally observed when consuming 292 

moderate-to-high doses of caffeine. Thus, the effect of low caffeine doses on jumping 293 

performance was unclear. The present meta-analysis found that caffeine doses of ∼1 to 2 294 

mg/kg increase jumping height. The effects observed herein are similar to those observed with 295 

higher doses of caffeine, which is of relevance as low caffeine doses produce minimal side 296 

effects. For most individuals, a caffeine dose of ∼1 to 2 mg/kg is equivalent to an amount of 297 

caffeine in an energy drink, one to two cups of coffee, one to two pieces of caffeinated 298 

chewing gum, or several cups of green tea.  299 

 300 
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