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ABSTRACT 

This study aimed to determine if belief in caffeine’s ergogenic potential influences choice 

reaction time (CRT) and/or running performance. Twenty-nine healthy individuals (23.7±5 y, 

16 males) completed two trials (1-week apart). Before the trials, participants indicated their 

“belief” in caffeine’s ergogenic effects and previous “experience” using caffeine for 

performance. On arrival, participants randomly received either sham “Low (100mg; LD)” or 

“High (300mg; HD)” dose caffeine capsules 30-minutes before commencing the CRT test, 

followed by a 10km run. Paired samples t-tests determined differences between trials for CRT 

latency (Ex-Gaussian analysis; μ-, σ- and τ-) and running performance using the entire cohort 

and sub-groups exhibiting strong “beliefs”+/-“experience”. Sham caffeine dose didn’t 

influence CRT (μ-, σ- and τ- respectively, LD: 400±53ms vs HD: 388±41ms; LD: 35±18ms vs 

HD: 34±17ms; LD: 50±24ms vs HD: 52±19ms, all p’s>0.05). Neither belief (n=6), nor 

belief+experience (n=4), influenced this effect. Furthermore, caffeine dose didn’t influence run 

time (LD: 49.05±3.75mins vs HD: 49.06±3.85mins, p=0.979). Belief (n=9) (LD: 

48.93±3.71mins vs HD: 48.9±3.52mins, p=0.976), and belief+experience (n=6) (LD: 

48.68±1.87mins vs HD: 49.55±1.75mins, p=0.386) didn’t influence this effect. A dose-

response to sham caffeine ingestion was not evident on cognitive or endurance performance in 

healthy individuals, regardless of their convictions about caffeine’s ergogenicity. 
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Introduction 

Caffeine is one of the most commonly consumed substances in the world (Mitchell, Knight, 

Hockenberry, Teplansky, & Hartman, 2014) and is a popular ergogenic aid amongst athletes 

(Baltazar-Martins et al., 2019), owing to its well-established performance-enhancing effects 

(McLellan, Caldwell, & Lieberman, 2016). However, a proportion of the benefit observed may 

be attributed to an individuals’ ‘belief’ in the erogenicity of caffeine (C. Beedie, Stuart, 

Coleman, & Foad, 2006). Research has demonstrated that placebo effects can enhance athletic 

performance, and improve various cognitive skills that may indirectly benefit athletes 

(Christopher J Beedie et al., 2018; Shabir, Hooton, Tallis, & F Higgins, 2018). Indeed, a recent 

systematic review indicated that sham nutritional ergogenic aids induce small to moderate 

performance improvements (Cohen’s d  0.2-0.6) (Hurst et al., 2019).        

In placebo research, ‘belief’ stems from treatment expectation (i.e. belief of having received 

the treatment) and efficacy (i.e. belief in the effectiveness of the treatment) (C. J. Beedie, 2007). 

Monitoring placebo effects in sport science often relies on control trials, where participants’ 

belief of treatment expectation is managed by blinding (Christopher J Beedie et al., 2018). 

However, this type of design does not provide sufficient information to explore interactions 

between belief of the treatment provided and belief that the provided treatment will influence 

performance. For this reason, employing balanced placebo designs (i.e. four treatment arms) 

has been encouraged in research (Foad, Beedie, & Coleman, 2008; Rohsenow & Marlatt, 

1981). Yet, in practice athletes purposefully employ ergogenic strategies with the intention (or 

hope) that they will improve performance (i.e. the treatment expectation element is eliminated). 

While a balanced placebo design broadly facilitates exploration of treatment efficacy effects, 

individuals’ belief that a treatment may be ergogenic is likely to vary. Understanding the 

influence of treatment efficacy ‘belief’ on performance is an important aspect of placebo 

research that deserves attention. 
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To date, 11 studies have examined the effect of placebo caffeine expectancy effects on exercise 

performance (Anderson, German, Harrison, Bourassa, & Taylor, 2020; C. Beedie et al., 2006; 

Costa et al., 2019; Duncan, 2010; Duncan, Lyons, & Hankey, 2009; Foad et al., 2008; Hurst, 

Hettinga, Roelands, & Beedie; Pollo, Carlino, & Benedetti, 2008; Saunders et al., 2017; Shabir 

et al., 2019; Tallis, Muhammad, Islam, & Duncan, 2016) and twelve on cognitive performance 

(Dawkins, Shahzad, Ahmed, & Edmonds, 2011; Denson, Jacobson, Von Hippel, Kemp, & 

Mak, 2012; Dömötör, Szemerszky, & Köteles, 2014; Elliman, Ash, & Green, 2010; Fillmore 

& Vogel-Sprott, 1992; Harrell & Juliano, 2009; Juliano, Kardel, Harrell, Muench, & Edwards, 

2019; Kirsch & Weixel, 1988; Oei & Hartley, 2005; Schneider et al., 2006; Walach, Schimdt, 

Bihr, & Wiesch, 2001; Walach, Schmidt, Dirhold, & Nosch, 2002). While successfulness of 

manipulating treatment expectation is described in most studies (i.e. Exercise - 9/11 report, 

typically 90% participant uncertainty; Cognitive Function - 9/12 report, approximately 90% 

participant uncertainty), fewer report participant’s belief in treatment efficacy (i.e. only three 

in Exercise (C. Beedie et al., 2006; Saunders et al., 2017; Tallis et al., 2016) and seven in 

Cognitive Function (Fillmore & Vogel-Sprott, 1992; Harrell & Juliano, 2009; Kirsch & 

Weixel, 1988; Oei & Hartley, 2005; Schneider et al., 2006; Walach et al., 2001; Walach et al., 

2002)). No investigation has described the magnitude of this belief (e.g. “convinced of a large 

effect”) and/or performed sub-analysis of data on this basis.    

It is possible that the magnitude of the placebo response could be increased if an individual’s 

belief in the treatment’s efficacy is manipulated. Studies have typically attempted to moderate 

participants beliefs in the erogenicity of caffeine by priming them with information about its 

effects (C. Beedie et al., 2006; Duncan, 2010; Duncan et al., 2009; Fillmore & Vogel-Sprott, 

1992; Foad et al., 2008; Harrell & Juliano, 2009; Hurst et al.; Pollo et al., 2008; Saunders et 

al., 2017; Schneider et al., 2006; Shabir et al., 2019; Tallis et al., 2016; Walach et al., 2001; 

Walach et al., 2002). However, educating participants on the relationship between caffeine and 
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sports performance may result in inconsistent beliefs. For example, individuals with negative 

previous personal experiences of using caffeine may not be convinced by brief structured 

education protocols provided by researchers. Alternatively, administering placebos with 

different expected caffeine doses may manipulate perceptions of caffeine treatment efficacy 

via an anticipated dose-response effect. This approach allows a participants’ own expectations 

(based on experience/beliefs of caffeine) to potentially influence performance. 

To date, three studies have attempted to examine the “dose-response” effect of a placebo 

caffeine treatment on performance (Anderson et al., 2020; C. Beedie et al., 2006; Kirsch & 

Weixel, 1988). Initially, Kirsch and Weixel (1988) observed a correlation between participant’s 

expected effects of caffeine and reaction time performance (Kirsch & Weixel, 1988). However, 

the participants’ change in expectancy associated with the intervention (receiving 1, 2, 3, 5 or 

8 heaped teaspoons of decaffeinated coffee) was not reported (Kirsch & Weixel, 1988). In the 

second study, Beedie et al (2006) observed a dose-response improvement in 10 km cycling 

time trial performance with  perceived increases in caffeine dose (0, 4.5 and 9 mg∙kg-1) in well-

trained cyclists (C. Beedie et al., 2006). However, when exploring treatment efficacy through 

qualitative interviews, the authors were unable to identify a clear relationship between belief 

and performance across the perceived doses (C. Beedie et al., 2006). Interpretation of these 

findings is likely hindered by the small sample size (n=6). Recently, Anderson et al (2020) 

employed a dose response methodology to ensure a caffeine placebo treatment was achieved 

(Anderson et al., 2020). Unfortunately, data from the ‘low’ and ‘high’ dose placebo trials were 

grouped together prior to analysis, and as such it is impossible to determine the dose response 

expectancy effects (Anderson et al., 2020). Based on this current evidence, whether dose 

response placebo effects are generalisable to the recreationally active population engaged in 

other activities (e.g. running, undertaking cognitive tasks) remains unknown. 
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Therefore, the primary aim of this study was to determine if a stronger belief in treatment 

efficacy (i.e. resulting from the provision of a perceived higher caffeine dose) improves 

endurance running and/or cognitive performance. We hypothesised that participants would 

respond in a dose-dependent manner to sham caffeine ingestion. In addition, we anticipated 

that individuals with the strongest belief in caffeine’s ergogenic potential (on either cognitive 

function or endurance exercise) would demonstrate the largest benefit.     
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Method 

Participants and Experimental Design 

Recreational runners from two cohorts of an undergraduate Sports Nutrition course (2018 and 

2019) participated in this study. All participants were informed that the study was designed to 

investigate the effect of two caffeine doses on running and reaction time performance. 

However, a placebo treatment was provided in both trials. A trial where participants were 

provided placebo and correctly informed was avoided to ensure deception. All procedures were 

approved by the University Human Research Ethics Committee (GU HREC 2015/570) prior 

to data collection. 

Participants completed two morning trials (separated by exactly one week), each involving a 

choice reaction time (CRT) task followed by a 10 km run (single blind, repeated measures, 

crossover design) on an outdoor 400 m athletics track. Prior to the first trial, participants 

indicated their belief in caffeine’s effects on reaction time and running performance and any 

previous experience using caffeine as an ergogenic aid. On arrival to the testing facility, 

participants were informed they were receiving either a “Low Dose (LD) (100 mg)” or “High 

Dose (HD) (300 mg)” caffeine capsule (both contained psyllium husk powder). At 30 min post 

capsule ingestion, participants completed the CRT task (3 min duration; with brief 

familiarisation before recording data), then undertook a 10 km performance run at ~45 mins 

post capsule ingestion. Running time, estimated running time, and CRT were assessed at a 

group level, with additional analysis conducted based on stratification of participants who 

exhibited strong beliefs and/or prior experience using caffeine for ergogenic benefits.  

Treatments 

The treatment quantities were chosen for pragmatic reasons. Firstly, participants are more 

likely to understand these doses in terms of typical consumption (i.e. that 100 mg of caffeine 
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is ~1 cup and 300 mg is ~3 cups of commercial coffee) (Desbrow, Henry, & Scheelings, 2012). 

Additionally, 300 mg is an established low ergogenic dose (McLellan et al., 2016) and, as the 

students were undertaking a sports nutrition course, they were informed of this during their 

coursework. Finally, a larger dose (e.g. 500 mg), may have increased perceptions of 

performance compromise associated with anxiety, nervousness, GI tolerance and possible 

unblinding due to no/little anticipated side-effects.    

Sample size calculation 

Determining an anticipated effect size was a challenge due to so few studies using our design 

(i.e. eliminating expectancy of not receiving a treatment) and the use of multiple outcomes (i.e. 

cognitive function and exercise performance). In terms of sports performance, the recent paper 

Hurst et al,. indicates a small to moderate placebo effect (d = 0.36) (Hurst et al., 2019). But for 

cognitive function (Schneider et al (2006)), the comparison between the placebo (told caffeine 

would have positive effect) vs control groups had a calculated Cohen’s d = 0.64 in favour of 

placebo caffeine. To be conservative, given underestimation of impact on cognitive function 

(Reaction Time), but over-estimation on sports performance, we have determined our sample 

size using a Cohen’s d of 0.5. Using a power of 0.75, an alpha of 0.5 and a Cohens d of 0.5; a 

suggested 30 participants were required to detect a ‘moderate’ effect (using a 2-sided test). 

Pre-trial Questionnaire 

Two weeks prior to experimental trials participants were asked to complete an online 

questionnaire. Initially, the questionnaire required them to indicate whether they could 

complete the 10 km run within a maximum cut-off time (i.e. 55 min for males and 60 min for 

females) as an eligibility inclusion criteria. If this criteria was satisfied, questions regarding 

participants beliefs in caffeine’s effect on cognitive and physical performance, and any 

previous caffeine-performance experience(s), were collected. Participants rated their 
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expectation of consuming a “small (e.g. 1 cup of coffee)” or “large (e.g. 3 cups of coffee)” 

caffeine dose on reaction-time and endurance (e.g. 10 km) running performance separately, 

using a 7-point scale (1 = “greatly impairs performance”, 4 = “no impact”, 7 = “greatly 

improves performance”). They were also asked to rate their level of confidence in their 

responses using a 5-point scale (1 = “Not at all confident”, 5 = “Extremely confident”). Finally, 

participants indicated if they had previous personal experience(s) using caffeine to improve 

exercise and/or cognitive performance (Yes/No).  

Pre-trial Standardisation 

Both trials commenced at the same time (0630 hrs), in an attempt to standardised 

environmental conditions (2018: Trial 1 = 17.0ºC, 52% Relative Humidity [RH] and Trial 2 = 

18.8ºC, 98% RH; 2019: Trial 1 = 18.9ºC, 75% RH and Trial 2 = 19.9ºC, 65% RH). Prior to 

each trial, participants were asked to abstain from caffeine for 12 hrs and self-determine a 

food/drink intake that could be replicated the following week. Participants provided verbal 

confirmation of their caffeine abstinence and self-categorized their pre-exercise dietary intake 

as “Nothing”, “Fluids only”, “Snack±Fluids”, “Breakfast only” or “Breakfast+Snack±Fluids”. 

Pre-exercise dietary intake was considered equivalent if participants reported an intake within 

one ordinal category (e.g. Snack±Fluids = Breakfast only).   

Experimental Procedures 

On arrival to the athletics facility, participants produced a urine sample for determination of 

Urine Specific Gravity (USG, calibrated Pen Refractometers, ATAGO, USA) and urine colour 

(8-point scale) (Armstrong et al., 1994). Participants were then asked to rate their level of 

alertness (10-point scale) and completed a nude body weight measure (in a private facility). 

Following this, participants ingested a “caffeine” capsule (placebo), randomised as either the 
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HD or LD. The alternate dose was provided the following week. No additional information 

about caffeine’s effects on performance was provided.  

Approximately 30 min following capsule ingestion, participants completed a CRT task 

(Inquisit 4 Lab; Millisecond software, LLC, Seattle, Washington) administered on a laptop 

computer (Monitor: Dell, Screen Size: 14”, Refresh Rate: 60 Hz) under standard conditions 

(i.e. participants used the same computer and were seated the same distance from the computer; 

with tests conducted in an isolated area). The task required participants to press one of four 

specific keys on the keyboard corresponding to one of four boxes on a laptop screen. These 

boxes randomly change from black to red at various delay signals (between 400 to 2000 ms) 

prompting the participant to respond to the appropriate key. Time (latency) to react was the 

outcome variable assessed.  

Following the CRT (~45 minutes following capsule ingestion), participants completed the 10 

km run “as fast as possible”. To avoid participants implementing pacing measures, individuals 

commenced the run at staggered times and were not permitted to carry devices that monitored 

time/distance (e.g. watches, mobile phones, GPS devices). Total distance and time elapsed 

were monitored via lap counting and manual time keeping by one of the investigators. 

Consumption of fluids was not allowed throughout the run. Immediately post run, participants 

estimated their run time, then rated their perceived level of exertion (RPE; 6-20 scale) and 

feelings of thirst, hunger, enjoyment (10-point scales). Participants then repeated a nude body 

weight (towel dried) measure prior to departure. To reinforce the deception, participants were 

asked to record any experiences of caffeine-related side-effects (e.g. elevated heart rate, 

anxiety, headache and sleep disturbance) for the next 24 hrs. 

Data and Statistical Analysis 
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The data was analysed using SPSS for Windows version 23.0 (SPSS, Chicago, Illinois, USA). 

All variables were examined for normality and sphericity using the Shapiro-Wilk test and 

Mauchly’s test, respectively. When sphericity assumption was violated (p<0.05 for Mauchly’s 

test), the Greenhouse-Geisser value was taken as the significance value. Paired t-tests were 

used to compare normally distributed data within treatment groups (i.e. low vs high dose). A 

Wilcoxon signed-rank test was used to compare non-normally distributed data. Reaction time 

performance was analysed via traditional central tendency analysis (i.e. Mean±SD) and by 

determining Ex-Gaussian parameters μ, σ and τ, as described elsewhere (McCartney, Desbrow, 

Cox, & Irwin). Sub-group analyses of participants exhibiting beliefs with and without prior 

experience using caffeine for performance was conducted. Participants were considered to 

‘believe’ if they indicated an ergogenic benefit to the HD (i.e. score of >4) and that the HD 

would be more beneficial than the LD, relevant to the task being undertaken (i.e. running or 

reaction time). In addition, only individuals reporting confidence of these outcomes (i.e. ≥3 

score indicating “somewhat confident”) were included in this sub-analysis. Statistical 

significance was accepted when p<0.05. All data was reported as Mean±SD or as Median (IQR) 

when non-normal. All effects sizes were calculated as Cohens d. 
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Results 

Participants 

29 eligible participants (16M, 23.7±5.0 y, pre-trial body mass= 67.8±10.0 kg) completed all 

measures for both trails. When separated into individuals with beliefs and/or experience using 

caffeine in the performance measures, nine participants (4M, 23.4±6.7 y, pre-trial body mass= 

61.8±4.2 kg) were confident that caffeine would have an ergogenic, dose-response effect on 

running performance, and six of those also indicated prior experience using caffeine for 

performance. Additionally, six participants (2M, 24.3±8.2 y, pre-trial body mass= 57.3±5.9 kg) 

were confident that caffeine would have an ergogenic, dose-response effect on reaction time 

performance, while four of those also indicated prior experience using caffeine for 

performance. These individuals were included in the subgroup analyses described above (‘Data 

and Statistical Methods’). 

Pre-trial 

Despite advice to standardize pre-exercise food intake, 2 (7%) participants had “unmatched” 

categories of food/fluid prior to trials. Therefore, all analyses were performed on both the entire 

dataset, and only those with “matched” pre-exercise food intake categories. As the outcomes 

from the separate analysis (i.e. n=29 and n=27) did not differ, results for the complete cohort 

have been provided.  

Experimental trial 

Table 1 describes participant characteristics and performance outcomes for the entire sample 

and sub-analysis groups based on those with belief ± experience. No differences were observed 

in participants weight, USG, urine colour, and subjective alertness prior to commencing trials 

(all p>0.05). In addition, no differences in participant’s thirst, enjoyment or RPE were 

identified at the end of the experimental trials (all p>0.05). 
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Place Table one approximately here 

Run Performance 

No statistically significant differences in running time were observed for the whole sample or 

sub-analyses based on those with belief ± experience (all p>0.05, Table 1). Effect sizes were 

typically small (range = -0.21 to <0.01; positive numbers indicating effectiveness of HD 

compare to LD). No order effect was observed between trial 1 and 2 (49.19±3.87 mins; 

48.92±3.73 min, respectively, p=0.448). 

Estimated Run Time 

There were no statistically significant differences in estimated running time for the whole 

sample or sub-analyses based on those with belief ± experience (Table 1). Effect sizes were 

typically small (range = -0.26 to -0.10). 

Reaction-Time Performance  

There were no significant differences in CRT for the whole sample or sub-analyses based on 

those with belief ± experience when employing central tendency analysis (Table 1). Effect sizes 

were typically small (ranging from -0.14 to -0.22). Similarly, the ex-Gaussian analysis did not 

reveal differences for any parameter (μ, σ or τ) at the whole group or sub-group level (Table 

2). Typically, effect sizes for the μ and τ parameters were more pronounced in individuals with 

beliefs ± experience (Table 2).  

No significant main effect for trial order was observed for the CRT task when employing 

central tendency analysis (trial 1: 444 ± 40 ms; trial 2: 445 ± 48 ms, p=0.882). However, the 

ex-Gaussian analysis identified a trend for a slower mean component (μ parameter) (trial 1: 

386 ± 42 ms; trial 2: 402 ± 52 ms, p=0.055) and smaller exponential component (τ parameter) 

(trial 1: 58 ± 21 ms; trial 2: 43 ± 20 ms, p=0.009) in the second trial. No change in the σ 

parameter was observed based on trial order (trial 1: 34 ± 14 ms; trial 2: 26 ± 21 ms, p=0.533). 
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Place Table two approximately here 

 

Post-Trial 

Three participants reported symptoms after the low dose trial exclusively, and six after the high 

dose trial exclusively. Three participants reported side effects on both trials (see Supplementary 

Table 1 for full details).

This is the peer reviewed version of the following article:   
Delang, N., Irwin, C., Cox, G. R., McCartney, D., & Desbrow, B. (2021). Belief in caffeine's ergogenic effect on cognitive function and endurance performance: 

A sham dose-response study. Human Psychopharmacology, [e2792], which has been published in final form at https://doi.org/10.1002/hup.2792 
This article may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 



Discussion 

This study examined the influence of an individual’s belief in the efficacy of a treatment 

(manipulated via the provision of a higher perceived caffeine dose) on cognitive and endurance 

exercise performance in recreational athletes. Results indicated that changing the perceived 

caffeine dose did not alter cognitive or running performance. Individual conviction regarding 

caffeine’s ergogenic potential or prior experience using caffeine for ergogenic purposes did not 

influence the placebo response.    

The basis for exploring the power of belief, stems from several balanced-placebo design studies 

demonstrating positive effects from expectation of “receiving” caffeine (in addition to its 

pharmacological benefits) (Hurst et al.; Shabir et al., 2019) and a recent systematic review 

indicating that placebo effectiveness may be attributable to an individual’s beliefs in the 

potential treatment effectiveness (Hurst et al., 2019). In balanced-placebo designs, the “told 

treatment/provided placebo” trial allows examination of both treatment expectancy and 

efficacy. Previously, belief in having received caffeine (when participants anticipate that in 

other trials, placebo will be administered) has been reported to improve cycling performance 

by up to 3.7% (Cohen’s d = 0.25) in trained individuals (Saunders et al., 2017). However, in 

the real world, athletes knowingly employ ergogenic strategies. In this context, the treatment 

expectation variable is eliminated; but the perceived efficacy of the treatment remains. In the 

current study, we attempted to explore the impact of treatment efficacy exclusively. This was 

evaluated by removing the expectation of a placebo trial, manipulating the anticipated caffeine 

dose and exploring participant’s prior beliefs and experience using caffeine to enhance 

cognitive or endurance exercise performance.  

Contrary to our hypothesis, we failed to observe a dose-response effect of placebo-caffeine in 

a cohort of individuals with mixed beliefs about caffeine’s ergogenic potential (n=29); nor did 
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we see any effect within a subgroup of participants with strong convictions towards a dose-

response (+/- prior experience using caffeine). This is also in contrast to reports from two 

previous studies investigating caffeine-mediated dose-response placebo effects, with both 

suggesting the expectation of receiving a larger caffeine dose enhanced cognitive (Kirsch & 

Weixel, 1988) and cycling (C. Beedie et al., 2006) performance. Unfortunately, neither of the 

previous studies identified a clear relationship between treatment efficacy and performance per 

se, as the earlier study did not undertake post hoc analysis, while the latter study was likely 

hindered by the small sample size (n=6). It is possible that the lack of a dose-response “belief 

effect” in the present study was influenced by the ‘recreationally active’ status of individuals 

enrolled in the study sample, who are typically prone to greater performance variability 

(compared to a CV = 2.7% in trained cyclists (C. Beedie et al., 2006)) and/or may be less 

familiar with consuming ergogenic aids for performance enhancement. The influence of belief 

in caffeine’s efficacy may be more apparent in more experienced athletic populations who are 

more likely to have had prior exposure to caffeine-mediated effects (e.g. trained 

cyclist/triathletes) (Desbrow & Leveritt, 2007).  

While a dose-response placebo effect was anticipated, it is possible that an individual could 

possess strong convictions that a LD of caffeine would prove more effective than a HD (inverse 

dose-response). Indeed, several of our participants indicated strong inverse dose-response 

beliefs (n=6 running and n=5 reaction time). A pooled analysis on “belief”, (irrespective of 

direction) again failed to identify any belief-mediated effects (results not provided). It has been 

suggested that the extent to which an individual believes in the efficacy of a treatment, the more 

likely it is to influence responses to a deception (Hurst et al., 2019). Whether belief in the 

efficacy of a drug-mediated intervention (which typically produce larger overall placebo effects 

(Cohen’s d  0.8-1.4)) is more apparent compared to a dietary intervention (small to moderate 

placebo effects (Cohen’s d  0.40 (Hurst et al., 2019)) is yet to be elucidated.  
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One limitation of the current investigation is that we were unable to confirm our treatment 

deception; thus, eliminate any influence of treatment expectancy. The investigation was 

conducted across two teaching periods (12 months apart) and follow up interviews to confirm 

a successful deception following the first cohort in 2018 may have compromised our ability to 

convince the subsequent cohort. In addition, it was felt that a 12 month delay (following up the 

initial cohort) was unlikely to produce reliable data on their perceptions regarding blinding.        

Conclusion 

This study did not observe an effect on cognitive or endurance performance between different 

sham caffeine doses, in a cohort of recreationally-active individuals with mixed beliefs about 

caffeine’s ergogenic potential. This result persisted regardless of participants convictions about 

caffeine’s ergogenic potential.  
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Table 1: Participant characteristics and performance measures 

Measure Value (mean (SD)) p value Effect Size 

Pre-Experiment  Low Dose High Dose   

  Weight (kg) 67.8 (10.0) 67.8 (10.2) 0.769  

  Alertness (1-10) 5.9 (1.4) 6.1 (1.4) 0.448  

  Urine Colour (1-7) 3.9 (1.6) 3.7 (1.7) 0.846  

  USG (mmol/L) 1.013 (0.009) 1.016 (0.010) 0.055  
     

Performance Measures 

  Run time (mins.sec)     

     All (n=29) 49.03 (3.52) 49.04 (3.51) 0.979 -0.01 

     Beliefs (n=9) 48.56 (3.43) 48.54 (3.31) 0.976 0.01 

     Beliefs + Experience (n=6) 48.41 (4.35) 49.33 (4.17) 0.386 -0.21 
     

  Estimated Run Time (mins.sec)     

     All (n=29) 51.23 (5.52) 52.03 (8.08) 0.397 -0.10 

     Beliefs (n=9) 50.43 (5.33) 51.56 (6.12) 0.384 -0.21 

     Beliefs + Experience (n=6) 51.35 (6.35) 49.55 (6.40) 0.377 -0.26 
     

  CRT (ms)     

     All (n=29) 450 (49) 440 (39) 0.150 0.22 

     Beliefs (n=6) 443 (73)  446 (58) 0.864 -0.05 

     Beliefs + Experience (n=4) 447 (94) 458 (70) 0.701 -0.14 
     

Post-Experimental Trials  

  Weight Change (kg) 1.2 (0.5) 1.2 (0.4) 0.461  

  Thirst (1-10) 3.6 (1.8) 3.8 (1.8) 0.579  

  Enjoyment (1-10) 6.3 (1.9) 6.0 (2.0) 0.547  

  RPE (6-20) 15.1 (2.3) 15.3 (2.0) 0.505  

Significant determined via paired-samples t-tests for Weight, USG, Run Time, Estimated Run Time, CRT and Weight Change. Wilcoxon 

signed rank test used to analyse Urine Colour, Alertness, Thirst, Enjoyment and RPE. Effects size = Cohens d anticipating greater effect 

from HD.  
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Table 2: Ex-Gaussian Analysis of Choice Reaction Time 

Measure Value (mean (SD)) p value Effect Size 

  Low Dose High Dose   

μ     

Whole Sample (n=29) 400 (53) 388 (41) 0.157 0.250 

Beliefs (n=6) 416 (84) 392 (47) 0.306 0.353 

Beliefs +/- Experience (n=4) 424 (107) 406 (54) 0.603 0.233 

     

σ     

Whole Sample (n=29) 35 (18)  34 (17) 0.839 0.045 

Beliefs (n=6) 53 (26)  39 (11) 0.172 0.686 

Beliefs +/- Experience (n=4) 59 (30) 42 (10) 0.270 0.751 

     

τ     

Whole Sample (n=29) 50 (24) 52 (19) 0.735 -0.093 

Beliefs (n=6) 27 (18)  53 (27) 0.183 -1.023 

Beliefs +/- Experience (n=4) 23 (19) 52 (35) 0.343 -0.969 

     

Significance determined via paired-samples t-tests. 

This is the peer reviewed version of the following article:   
Delang, N., Irwin, C., Cox, G. R., McCartney, D., & Desbrow, B. (2021). Belief in caffeine's ergogenic effect on cognitive function and endurance performance: 

A sham dose-response study. Human Psychopharmacology, [e2792], which has been published in final form at https://doi.org/10.1002/hup.2792 
This article may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 



Supplementary Table 1: Participant’s Reported Symptoms 24-hours Post Treatments 

 Symptoms 

Participant No. Low Dose High Dose 

1 Elevated Heart Rate; Anxiety; 

Headache; Sleep Disturbance 

Elevated Heart Rate; Headache; 

2 No side-effects No side-effects 

3 No side-effects No side-effects 

4 No side-effects No side-effects 

5 No side-effects No side-effects 

6 No side-effects No side-effects 

7 No side-effects Alertness/Hyperactivity; Sleep Disturbance 

8 No side-effects No side-effects 

9 No side-effects No side-effects 

10 Headache No side-effects 

11 No side-effects Headache 

12 No side-effects No side-effects 

13 No side-effects No side-effects 

14 No side-effects Elevated Heart Rate 

15 No side-effects Upset stomach 

16 No side-effects No side-effects 

17 No side-effects No side-effects 

18 Elevated Heart Rate Elevated Heart Rate; Headache 

19 No side-effects No side-effects 

20 Headache No side-effects 

21 No side-effects Headache 

21 Sleep Disturbance No side-effects 

22 No side-effects Elevated Heart Rate 

23 No side-effects No side-effects 

24 No side-effects No side-effects 

25 Headache Headache 

26 No side-effects No side-effects 

27 No side-effects No side-effects 

28 No side-effects No side-effects 

29 Elevated Heart Rate; Anxiety; 

Headache; Sleep Disturbance 

Elevated Heart Rate; Headache 
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