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Abstract
Caffeine is a well-established ergogenic aid, demonstrated to enhance performance across a wide range of capacities through 
a variety of mechanisms. As such, it is frequently used by both athletes and non-athletes alike. As a result, caffeine ingestion 
is ubiquitous in modern society, with athletes typically being exposed to regular non-supplemental caffeine through a variety 
of sources. Previously, it has been suggested that regular caffeine use may lead to habituation and subsequently a reduction 
in the expected ergogenic effects, thereby blunting caffeine’s performance-enhancing impact during critical training and 
performance events. In order to mitigate this expected performance loss, some practitioners recommended a pre-competition 
withdrawal period to restore the optimal performance benefits of caffeine supplementation. However, at present the evidence 
base exploring both caffeine habituation and withdrawal strategies in athletes is surprisingly small. Accordingly, despite the 
prevalence of caffeine use within athletic populations, formulating evidence-led guidelines is difficult. Here, we review the 
available research regarding habitual caffeine use in athletes and seek to derive rational interpretations of what is currently 
known—and what else we need to know—regarding habitual caffeine use in athletes, and how athletes and performance 
staff may pragmatically approach these important, complex, and yet under-explored phenomena.

Key Points: 

Regular caffeine use appears to reduce caffeine’s ergo-
genic effects.

However, this reduction can be offset by an increased 
caffeine dose.

There appears to be no advantage, and indeed some 
potential disadvantages, associated with short-term pre-
competition caffeine withdrawal.

1 Introduction

Caffeine (1,3,7-trimethylxanthine) is a widely used drug, 
consumed daily by 80% of the world’s population [1]. This 
large-scale consumption is driven by cultural and societal 
trends, along with the impact of both caffeine and coffee 
on short-term function and long-term health. As an illus-
tration, a number of meta-analyses have indicated the ben-
eficial effects of caffeine on a range of chronic conditions, 
including cardiovascular and metabolic disorders, cancers, 
neurological conditions, and overall mortality [2]. Caffeine 
also has an acute positive effect on alertness [3], fatigue 
reduction [4], concentration [5], and pain perception [6]. 
Consequently, caffeine is widely and frequently consumed, 
through coffee and other caffeinated mediums, for a variety 
of reasons, with an estimated UK adult mean daily caffeine 
intake of ~ 130 mg [7].

Additionally, caffeine enhances exercise performance 
[8], showing ergogenic effects on aerobic endurance [9], 
high-intensity efforts [10], muscular endurance [11, 12], 
sprint performance [13], and maximum strength [14]. As a 
result, it is frequently used by sportspeople, with research 
suggesting 75–90% of athletes consume caffeine before 
or during competitive events [15–17]. Although average 
figures are not available, athletes may consume greater 
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quantities of caffeine than their non-athletic peers due to 
the use of caffeinated sports supplements [18, 19]. Addition-
ally, within caffeine experiments, trained subjects typically 
self-report habitual daily consumptions greater than 300 mg 
[20–23], demonstrating increased caffeine intakes in these 
populations.

Caffeine intake has a long history of use as a perfor-
mance-enhancement strategy for competition, but more 
recently has attracted attention as a method to support train-
ing goals [24]. For example, athletes commonly use caffeine 
to offset fatigue associated with regular training [25, 26] and 
to mitigate sleep disruption caused by early morning training 
sessions [27] and jet lag [28]. Additionally, caffeine’s anal-
gesic qualities may mask soreness following high training 
or competition loads [29–31], thereby providing an addi-
tional avenue for performance enhancement. As such, whilst 
caffeine use in athletes and non-athletes is conventionally 
considered separately, evidently there is considerable over-
lap between the two. This is illustrated by research investi-
gating the optimal caffeine dose to enhance performance; 
historically, this relied on doses between 6 and 9 mg/kg, 
and sometimes as high as 13 mg/kg [32]. Such doses are dif-
ficult to attain without targeted supplementation. However, 
more recent research has shown caffeine can exert ergogenic 
effects at lower doses, including < 3 mg/kg [33]; such a dose 
is readily achieved through caffeine ingestion behaviors 
commonly seen in daily life.

Various sources contribute to the total caffeine load con-
sumed by athletes. The most popular is coffee, with 2.25 
billion cups consumed daily world-wide [34], along with 
other caffeinated beverages. Caffeine intake may also occur 
through the consumption of caffeine-containing foods, such 
as dark chocolate, and medications. Recently, the availability 
of caffeine-containing supplements, including tablets and 
energy drinks, has likely contributed to increased caffeine 
intakes in non-athletes and athletes [35]. The majority of 
these caffeine sources also include other compounds with 
potential positive effects, such as taurine in energy drinks 
(performance enhancement [36]), and both chlorogenic acid 
(health benefits [37]) and caffeic acid (promotion of post-
exercise glycogen synthesis [38]) in coffee.

Caffeine’s ubiquity raises the possibility that regular, 
repeated exposure may blunt the subsequent physiologi-
cal effects of supplementation. In animal studies, chronic 
caffeine intake increases adenosine receptor concentration 
[39, 40], attenuating caffeine’s stimulatory effects [41]. 
Chronic caffeine use also blunts some of the physiologi-
cal responses exhibited by caffeine-naïve individuals fol-
lowing acute caffeine ingestion, such as increased adrena-
line secretion [42]. However, caffeine habituation appears 
somewhat reversible following short-term cessation of caf-
feine consumption [43]. As such, if habitual caffeine use 
does blunt caffeine ergogenesis, this suggests short-term 

caffeine withdrawal may be advantageous to habitual caf-
feine users. At present, advice given to athletes regarding 
caffeine habituation and withdrawal is often vague and 
conflicting. The International Society of Sports Nutrition’s 
position stand summarizes research pertaining to caffeine 
habituation [44], but stops short of making recommenda-
tions. Contemporary sources further this confusion; some 
[45] state that habituation potentially harms performance, 
recommending pre-competition withdrawal. Others suggest 
habituation does not reduce caffeine’s ergogenic benefits, 
rendering pre-competition withdrawal unnecessary [46]. 
Consequently, athletes receive confusingly mixed messages, 
and best practice remains unclear.

The aim of this paper, therefore, is to reflect on two unre-
solved questions, both directly relevant to athletes seeking 
to optimize pre-competition caffeine use. First, we consider 
whether regular caffeine intake alters its ergogenic effects. 
Second, we explore whether, in habitual users, short-term 
pre-competition caffeine withdrawal restores caffeine’s ergo-
genic benefits. Both are critical considerations for athletes 
seeking to develop caffeine supplementation strategies to 
augment performance. Does regular caffeine intake alter 
caffeine’s ergogenic properties at the time when an athlete 
may need them most—during competition—or does caffeine 
habituation not impact performance?

2  Does Chronic Caffeine Use Alter Caffeine’s 
Acute Ergogenic Effects?

2.1  The Problem with Assessing Habitual Caffeine 
Use

Whilst tempting to believe the caffeine content of various 
caffeine sources is stable and consistent, there is consid-
erable variation in concentrations, both between different 
caffeine sources and within the same source across different 
time points [47, 48]. For example, the caffeine content of a 
single serving of espresso can vary from 25 to 214 mg across 
locations and by as much as 132 mg at the same location at 
different times [47]. Consequently, even when the same bev-
erage is consumed on a regular basis, daily caffeine intake 
likely varies considerably, making accurate determination 
of habitual caffeine intake problematic [49]. Within studies, 
food/beverage frequency questionnaires are often used to 
quantify habitual caffeine intake. However, given the con-
siderable variation between caffeine concentrations within 
the same source, these questionnaires likely do not accu-
rately capture true habitual caffeine intake. More objective 
measures of ingestion, such as urinary caffeine output [50] 
or plasma caffeine (or metabolite) levels [51], do exist, and 
could be used to more accurately quantify habitual caffeine 
intake alongside validated caffeine intake questionnaires, 
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although clearly such methods pose their own set of logis-
tical challenges. Such variation in caffeine concentrations 
across sources and time is also problematic for athletes try-
ing to accurately quantify desired caffeine doses.

Additionally, recent evidence suggests habitual caffeine 
use is influenced by individual responsiveness to its physi-
ological actions. For example, single-nucleotide polymor-
phisms (SNPs) in ADORA2A and CYP1A2 appear to impact 
habitual caffeine intake [52–54], with those possessing the 
more sensitive genotype consuming less caffeine. Such find-
ings further complicate our understanding of the effects of 
habitual caffeine use in athletes; given the individual respon-
siveness to caffeine, is habitual use a function of specific 
genetic polymorphisms, making measurement of habitual 
caffeine intake a proxy for genotype? Furthermore, these 
SNPs may also impact caffeine’s ergogenic effects, with 
C allele carriers of CYP1A2 (rs762551) tending to exhibit 
smaller performance benefits [55, 56], potentially demon-
strating an ergolytic effect [57]. In a pilot study exploring 
the impact of ADORA2A on caffeine ergogenesis, the TT 
genotype was associated with greater performance enhance-
ment following caffeine ingestion prior to a cycle ergom-
eter time trial [58]. A potential confounder here, however, 
is that CT/TT genotypes also tended to habitually consume 
more caffeine than TT genotypes (although this was not sig-
nificant), and may subsequently have become habituated. 
Furthermore, the small sample size (n = 12) also severely 
limits the interpretations possible. These findings further 
complicate the analysis of the impact of habitual caffeine use 
on athletes; are we measuring the impact of habitual caffeine 
use on performance, or are we measuring the interaction of 
caffeine and genotype—which is rarely determined in inves-
tigative studies—on performance?

2.2  Habitual Caffeine Use and Athletic Performance

Habitual caffeine intake modifies physiological and cog-
nitive responses to acute caffeine doses [41, 42, 59]. The 
underpinning mechanisms are varied, and remain incom-
pletely understood. The majority of research in this field 
utilizes animal models. Here, the dose of caffeine used is 
often very large (such as 80 mg/kg) [60], and often given as 
a single bolus, as opposed to the lower, more regular doses 
typical of human ingestion patterns, making direct compari-
sons difficult. Nevertheless, perhaps the best supported path-
way of caffeine habituation is the alteration of physiological 
responses caused by the up-regulation of adenosine receptors 
[59]. Additionally, regular exposure to substrates that induce 
cytochrome P450 1A2—a key part of the caffeine metaboli-
zation pathway [61, 62] —appears to increase the induction 
speed of that enzyme [63, 64]. As such, habitual caffeine 
use may alter caffeine metabolization speed. The time frame 
of such changes is poorly understood, although withdrawal 

symptoms, suggesting habituation, can occur after only 
3 days of caffeine consumption [65]. For athletes, the key 
consideration is whether this impacts sporting performance. 
Van Soeren et al. [66] examined the impact of caffeine on 
physiological responses in habitual users and non-users in 
an exercise setting, focusing on alterations in plasma epi-
nephrine, plasma and urinary caffeine concentrations, free 
fatty acid concentrations, and respiratory exchange ratio, as 
opposed to specific performance tests. Whilst there were 
apparent differences between the groups in some of these 
variables, in the absence of performance tests, it is impos-
sible to determine whether these differences resulted in any 
real-world performance detriments. Similarly, other studies 
also used subject pools comprising habitual users and non-
users, but again did not analyze differences in performance 
between them [67, 68].

The first study utilizing a performance test [20] recruited 
17 moderately trained males, of whom eight were non-
habitual (< 25 mg/day) and nine habitual caffeine users 
(> 300 mg/day) (Table 1). All subjects undertook time-to-
exhaustion trials under three experimental conditions: pla-
cebo, 3 mg/kg caffeine, and 5 mg/kg caffeine. There were no 
differences between the groups regarding time to exhaustion 
at either dose, indicating habitual caffeine use does not blunt 
caffeine’s ergogenic effects. In contrast, Bell and McLellan 
[22] recruited 13 habitual users (≥ 300 mg/day) and eight 
non-users (< 50 mg/day) to undertake cycle ergometer time-
to-exhaustion tests following ingestion of 5 mg/kg caffeine 
either 1, 3, or 6 h prior. Subsequent results suggested the 
magnitude and duration of ergogenic effects were greater 
in the non-users than the habitual users. When caffeine was 
consumed both 1 and 3 h pre-test, the habitual caffeine users 
exhibited an ergogenic effect following caffeine ingestion, 
but this was smaller than that exhibited by the non-users—
indicating a blunting, but not loss of, caffeine ergogenicity 
with habitual use.

More recently, 18 habitually low (< 75 mg/day) caffeine 
users were randomly assigned to receive either daily caffeine 
supplementation (starting at 1.5 mg/kg and increasing to 
3 mg/kg) or placebo for 28 days [69]. Following this sus-
tained supplementation period, all subjects ingested 3 mg/
kg caffeine 60 min prior to a 60-min cycle at 60% of peak 
oxygen consumption (VO2peak), immediately followed by a 
30-min maximum cycle. When compared to their pre-inter-
vention, caffeine-supplemented exercise trial, there was a 
7.3% reduction in total work produced by habituated caffeine 
users, representing a probably harmful effect of habitual caf-
feine use based on magnitude-based inferences. However, 
the ergogenic effect was not completely diminished; com-
pared to the pre-intervention placebo trial, caffeine supple-
mentation still exhibited a possibly beneficial effect follow-
ing acute caffeine ingestion. In contrast, the chronic placebo 
supplementation group exhibited no differences between the 
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pre- and post-intervention caffeine trials, again suggesting 
that regular caffeine use reduces, but does not eliminate, 
caffeine’s ergogenic effects.

Finally, Gonçalves and colleagues [23] stratified 40 
male endurance-trained cyclists into groups based on their 
habitual caffeine intake: low (mean = 58 mg/day), moder-
ate (mean = 143 mg/day), and high (mean = 351 mg/day). 
These subjects underwent a simulated cycling time trial of 
approximately 30 min duration under three conditions: a caf-
feine trial with 6 mg/kg, a placebo trial, and a control trial. 
Habitual caffeine intake exerted no influence on exercise 
performance, suggesting caffeine habituation had no detri-
mental impact on caffeine ergogenesis.

2.3  What to Make of These Results?

Gonçalves et al. [23] titled their paper “Dispelling the myth 
that habitual caffeine consumption influences the perfor-
mance response to acute caffeine supplementation.” Whilst 
this title certainly reflects their study results, it is perhaps 
premature given the results of Bell and McLellan [22] 
and Beaumont et al. [69]. Dispelling “the myth” requires 
more than a single contradictory finding, especially given 
recent findings regarding differences in ergogenic effects 
in habitual and non-habitual caffeine users following low-
dose caffeine-gum supplementation [70]. In evaluating this 
claim, it is worth inspecting the differences in study designs. 
The major distinction lies in the different habitual and pre-
trial caffeine doses employed. Beaumont et al. [69] utilized 
habitual and pre-trial caffeine doses of 3 mg/kg, such that 
the pre-trial and habitual caffeine doses were identical. Bell 
and McLellan [22] utilized a pre-trial dose of 5 mg/kg. The 
subjects in the habitual caffeine group had habitual intakes 
of at least 300 mg/day, equating to approximately 4 mg/kg/
day. In this case, the pre-trial caffeine dose was close to, but 
slightly greater than, the habitual caffeine dose. In contrast, 
in Gonçalves et al.’s study [23], habitual caffeine intake in 
the high group was 351 mg/day, equating to ~ 4.5 mg/kg/day, 
somewhat lower than the pre-trial dose of 6 mg/kg. Dodd 
et al. [20] did not provide body mass data, so we were unable 
to analyze differences between habitual and pre-trial caffeine 
dose; however, with a mean caffeine intake of 495 mg/day 
in the habitual group, it is unlikely that the pre-trial dose of 
5 mg/kg was substantially greater than this.

The studies are also heterogeneous in other aspects. The 
exercise trials were a mix of time-to-exhaustion [20, 22] 
and time trials [23], consequently impacting the ability to 
directly compare trials [71]. Whilst all studies recruited 
males, Bell and McLellan [22] also recruited females, 
who may metabolize caffeine differently to males [72, 73], 
although it is not clear whether this impacts caffeine ergo-
genesis [74, 75]. Additionally, training status varied between 
studies, with competitive cyclists [23] and recreationally Ta
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active subjects [69] recruited. Again, training status poten-
tially alters the ergogenic effects of caffeine [76, 77]. Fur-
thermore, differences in pre-trial fasting (e.g., overnight [69] 
vs 4 h [20]) may have impacted both energy status and caf-
feine ergogenicity. Finally, as previously discussed, habitual 
caffeine intake was assessed via food frequency question-
naires, which are subject to recall bias [78], further hamper-
ing thorough interpretation.

In summary, it appears that habitual caffeine use may 
reduce the magnitude of caffeine’s ergogenic effects; how-
ever, any reductions in caffeine ergogenicity with habitual 
use are potentially modified by pre-trial doses substantially 
greater than habitual intake. At present, these conclusions 
are based on little evidence, and further research is certainly 
required.

2.4  What Does This Mean for Athletes?

If caffeine-habituated individuals require greater caffeine 
doses to maintain ergogenic effects, this is potentially prob-
lematic for athletes. Evidence suggests there are no addi-
tional ergogenic effects of caffeine above doses of 9 mg/kg 
[32, 79]; if athletes habitually consume moderate-to-high 
doses of caffeine (~ 4–5 mg/kg), there may be a point at 
which further caffeine ingestion does not restore caffeine’s 
full ergogenic potential. Whilst such habitual intakes appear 
extreme, the regular intake of subjects in some research stud-
ies [80] reaches this level. Additionally, higher doses of caf-
feine may increase the risk of reported side effects, such as 
tremor, insomnia, and increased heart rate [32, 79, 81].

Furthermore, as caffeine’s ergogenic effects occur 
through a variety of mechanisms, the time course and 
magnitude of habituation likely vary for each molecular 
pathway. For example, caffeine is primarily metabolized 
by cytochrome P450 enzymes [62]. Regular caffeine con-
sumption upregulates production of this enzyme group [82], 
increasing metabolization speed in habitual users. Thus, 
variation in cytochrome P450 activity, which is partially 
genetically determined [61], may impact caffeine ergogen-
esis [55–57]. This increased caffeine metabolization rate in 
habitual users is likely a major reason why regular use may 
require larger dosages to exert an effect previously experi-
enced at lower dosages, with greater amounts of caffeine 
required to maintain the concentration driving the ergogenic 
effects. Aside from metabolization speed, habituation may 
also occur through changes in adenosine receptor density 
[41], which again is subject to inter-individual variability 
mediated through genetic variation [58]. The time course of 
habituation is poorly understood, potentially differs between 
pathways, and is likely affected by factors such as habitual 
dose [60]. For example, in rats, complete caffeine tolerance 
occurs following a dose of 40 mg/kg spread over the pre-
ceding 24 h [83], whilst a lower dose (7.5 mg/kg) requires 

14 days to achieve habituation [41]. Additionally, the time 
course for habituation within each individual pathway may 
also differ between individuals, adding further complexity 
to our attempts to understand the effects of caffeine habitu-
ation in athletes.

3  Does Caffeine Withdrawal in Habitual 
Users Restore Optimized Ergogenic 
Effects?

If habitual caffeine use requires an increased pre-competi-
tion dose to restore the ergogenic effects, and this increase 
enlarges the risk of negative side effects, an alternative 
option may be for the athlete to cease caffeine use for a short 
period beforehand. This method has previously been pro-
posed as a way to become re-sensitized to caffeine’s physi-
ological effects [80], potentially mediated through changes 
in adenosine receptors [84] or by overcoming compensatory 
changes in the dopaminergic system due to chronic and con-
sistent blockage of adenosine receptors with high caffeine 
use [85]. The time course of re-sensitization remains unclear, 
and is potentially impacted by both the duration and extent 
of prior caffeine exposures [65]. Similar to caffeine habitua-
tion studies, many studies exploring caffeine withdrawal are 
conducted in rodents, utilizing what would be, for humans, 
unrealistically large caffeine dosages (e.g., 194 mg/kg/day) 
[84]. Finally, it remains unclear whether caffeine withdrawal 
actually re-sensitizes subjects to the physiological effects of 
caffeine, or whether the reintroduction of caffeine following 
a period of abstinence merely reverses the many side effects 
associated with withdrawal [86–88]. Again, despite its rel-
evance, only a few studies have investigated the potential 
association between temporary caffeine withdrawal and the 
restoration of caffeine’s ergogenic effects.

An early study [80] examined the influence of 4 days’ 
caffeine withdrawal on the ergogenic effects of 5 mg/kg 
of caffeine in six habitual (> 600 mg/day) caffeine users 
(Table 2). Whilst the withdrawal period increased the sensi-
tivity of some individuals to caffeine in terms of physiologi-
cal responses, physical performance itself was not measured. 
Subsequently, Van Soeren and Graham [21] put six habitual 
caffeine users (mean daily caffeine intake 761 mg/day) 
through time-to-exhaustion cycling trials with 0-, 2-, and 
4-day caffeine withdrawal periods prior to a pre-trial caffeine 
dose of 6 mg/kg. Although time to exhaustion was longer in 
all caffeine trials compared to placebo, no significant differ-
ences existed between withdrawal periods.

More recently [89] 12 well-trained male cyclists with an 
average habitual caffeine intake of 240 mg/day abstained 
from caffeine for 4 days, during which they received daily 
supplementation with either placebo or 1.5 mg/kg caffeine. 
On the fifth day, the subjects consumed 3 mg/kg caffeine 
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90 min prior to a cycle time trial. Pre-trial caffeine inges-
tion significantly enhanced time-trial performance in both 
conditions (habitual placebo and caffeine), with no sig-
nificant differences between the two. Consequently, the 
authors concluded the 4-day withdrawal period did not 
enhance caffeine ergogenicity. As with habituation, stud-
ies exploring caffeine withdrawal are heterogeneous, with 
differences in subject sex, habitual caffeine intakes, and 
exercise modalities. Additionally, the findings from Fisher 
et al. [80] and Van Soeren and Graham [21] may have been 
affected by very high habitual intakes, which were over 
four times the average population daily intake [7] and dou-
ble the doses commonly seen in habitual users in caffeine 
studies [20]; as such, it is difficult to extrapolate these 
results into the context of caffeine utilization in athletes.

In summary, it appears short-term, pre-competition caf-
feine withdrawal in habitual users does not enhance caf-
feine’s ergogenic effects. Withdrawal is also associated 
with numerous negative outcomes, including headaches, 
fatigue [21], irritability, muscle pain, sleep disturbances, 
and nausea [85, 87]. Fortunately, such symptoms appear 
limited to a sub-set of individuals, are typically mild and 
temporary [24], and reverse with caffeine ingestion [88]. 
Nevertheless, such acute withdrawal symptoms, close to 
key competitions, may negatively affect athlete subjective 
confidence and well-being.

4  Rational Interpretations and Practical 
Implications

The summarized research (Tables 1 and 2) suggests:

• Habituation, in terms of reduced ergogenic effects, may 
occur in those who regularly consume caffeine [69].

• Habituation can result in reduced caffeine ergogenesis, 
but this may be offset if the pre-competition caffeine 
dose is greater than the habitual dose [23].

• Short-term caffeine withdrawal prior to key events 
appears to offer little or no competitive benefit to habit-
ual users [89].

With caffeine shown to exert its greatest ergogenic effects 
at between 3 and 9 mg/kg, there is a wide range of dosages 
for athletes to consume around competition. Previously, we 
discussed the considerable inter-individual variation under-
pinning both caffeine ergogenicity and the dose necessary to 
achieve performance benefits [90]. Such variation is a prod-
uct of complex interactions between genetics, environmental 
exposures, and epigenetic modifications. Accordingly, any 
one-size-fits-all recommendations regarding caffeine use 
appear fundamentally flawed, and should be avoided. Some 
individuals may find the peak ergogenic effects of caffeine 
occur towards the lower end of this 3- to 9-mg/kg window; 
here, it may be prudent to habitually consume lower caf-
feine doses, as the scope for consuming the required caffeine 
dose to offset habituation is smaller. Conversely, individuals 
exhibiting peak ergogenic benefits at higher doses may toler-
ate greater habitual intakes, as there is an increased scope 
for consumption of greater pre-competition caffeine doses. 
A further consideration is that of the negative side effects 
of caffeine use, which tend to be most pronounced in non-
habitual users [32, 79, 81]. In this case, if the athlete wishes 
to explore the potential ergogenic benefits of caffeine, then 
initiating habitual use may be beneficial in order to reduce 
the prevalence or intensity of any negative side effects.

4.1  Inter‑individual Variation in Caffeine 
Habituation and Performance

Considerable variation exists in caffeine responsiveness 
between individuals [90]. This inter-individual variation is 
partially genetically determined, with SNPs in genes such as 
ADORA2A and CYP1A2 influencing both habitual caffeine 
use [52, 53] and caffeine ergogenicity [55–58]. As such, fur-
ther insights into the genetic differences between subjects 
may allow for a greater individualization of pre-competition 
caffeine advice [90]. Adding to this complexity, there is 
likely inter-individual variation in the time-course, magni-
tude, and mechanisms of caffeine habitation. For example, 
caffeine’s ergogenic effects are mediated via multiple pro-
posed pathways, such as altering fat metabolism [91, 92], or 
reducing perceived exercise-associated pain [93]. Genetic 
variations within these pathways, coupled with individual 

Table 2  Characteristics and findings of studies directly examining the effects of caffeine withdrawal on exercise performance

Study Subjects Habitual dose Washout period Pre-trial dose Outcome

Fisher et al. [80] 6 habitual users > 600 mg/day 4 days 5 mg/kg No direct performance measure
Van Soeren and 

Graham [21]
6 habitual users Mean of 761 mg/day 0, 2, and 4 days 6 mg/kg No significant differences in time-trial perfor-

mance between washout periods
Irwin et al. [89] 12 well-trained 

male cyclists
Mean of 240 mg/day 

(range 18–469 mg/
day)

4 days (placebo 
or 1.5 mg/kg)

3 mg/kg No difference between placebo and caffeine group
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history, may modify the effectiveness of each pathway, alter-
ing the performance of individuals to differing extents. Sub-
sequently, for example, during a marathon, athlete A may 
gain a greater performance benefit from caffeine’s impact on 
fat metabolism, whilst athlete B gains their ergogenic effect 
from a reduction in pain. Does habitual caffeine use alter 
both these phenotypes to the same extent? Does regular caf-
feine exposure modify fat metabolism to a greater or lesser 
extent than pain reduction? Can the diminished ergogenic 
effect be offset through other ergogenic aids, such as paracet-
amol in the case of pain reduction [94]? Does habituation 
occur sooner in one pathway than another? Do the multiple 
ergogenic benefits of caffeine manifest in all consumers or is 
every individual specifically sensitive to some while resist-
ant to others? The answers to these questions are undoubt-
edly complex, and we may never know the answers—illus-
trating how wary we should be of one-size-fits-all advice.

4.2  Some Tentative Recommendations

Given the current lack of adequate research and the inevita-
bility of inter-individual variations in response to caffeine, 
any advice at this stage is somewhat speculative. Addition-
ally, a wide-ranging assessment of caffeine recommenda-
tions is beyond the scope of this review; however, based on 
the limited research available, when considering caffeine 
habituation and pre-competition exercise withdrawal, it 
seems sensible to suggest the following:

1. As caffeine is widely consumed, with a number of social 
and health benefits outside of performance enhance-
ment, a pragmatic approach is to understand that the 
majority of athletes will consume caffeine outside of 
deliberate pre-competition ingestion. Based on the evi-
dence presented here, it appears moderate (~ 3 mg/kg) 
daily doses of caffeine will not be problematic for most 
athletes, most of the time.

2. As caffeine has a multitude of positive effects on train-
ing performance, it can—and perhaps should—be used 
either prior to or during training. For most sport types, 
if used prior to training, we would recommend consum-
ing caffeine approximately 60 min prior to the onset of 
the first working set of the session. This time scale will 
differ between individuals [95], event types [44], and 
methods of caffeine ingestion, with caffeinated mouth 
rinses and gums often requiring far less time [96]. If 
used during prolonged training sessions, there is evi-
dence that later ingestion of caffeine, and at lower doses, 
may be effective [97].

3. For most athletes, the total of regular caffeine intake 
spread across the day, including the pre- and intra-
training dose, should not exceed 3 mg/kg, as this will 
increase the required pre-competition caffeine dose sub-

stantially. Ingesting caffeine later within a training ses-
sion often requires a lower dose [97], which may further 
guard against habituation.

4. Given the individual response to caffeine, both in terms 
of habituation and ergogenesis, athletes should experi-
ment with various doses and timing strategies when 
using caffeine to enhance performance [90, 95]. As a 
broad start point, we recommend athletes who are not 
caffeine naïve, but also not high habitual users, utilize 
approximately 3 mg/kg approximately 60 min prior to a 
competitive bout, and then adjust accordingly. Alterna-
tively, athletes may wish to estimate their daily caffeine 
intake (whilst understanding the methodological issues 
in doing so), and double this dose to obtain an idea of 
their pre-competition dose. For athletes competing in 
prolonged events, caffeine may need to be consumed 
closer to, or indeed within, the competitive bout in order 
to enhance performance.

5. There appears to be no benefit from, and potentially 
negative consequences of, a short-term, pre-competi-
tion caffeine withdrawal period. The impact of longer 
(> 7-day) withdrawal periods has not, to our knowledge, 
been explored in the context of performance.

6. The impact of pre-competition caffeine doses on a sub-
sequent performance bout in a short time frame (such as 
in heats and finals of a track event separated by ~ 90 min) 
is currently poorly explored [98]. Again, a pragmatic 
approach is perhaps required; if the athlete requires the 
performance benefits of caffeine to progress through the 
first event, then caffeine should be consumed at that time 
point. Athletes may then experiment with the optimal 
“top-up” dose to be consumed between heats and final.

Future research should seek to confirm whether habitu-
ation systematically reduces caffeine’s ergogenic effects 
(as per Beaumont et al. [69]), confirm whether increased 
caffeine dosages can offset this reduction (as per our 
analysis of Gonçalves et al. [23]), and elucidate the driv-
ers of the inter-individual response to each. In addition, 
investigating the impact of longer term (> 7-day) caffeine 
withdrawal periods, to see if this enhances the ergogenic 
effect of a subsequent caffeine dose, seems advisable. Such 
an approach may prove useful to those competing infre-
quently, such as in a marathon, as opposed to those com-
peting on a more regular basis, where constant exposure to 
caffeine would be expected. Finally, the impact of caffeine 
ingestion on sequential competitive bouts performed in a 
short time frame remains, from the athlete’s perspective, 
highly relevant, and yet is poorly explored [96]. Further 
exploration of this would likely be of great practical use 
to athletes.
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5  Conclusions

In summary, caffeine habituation may blunt the expected 
ergogenic effects, although this may be mitigated by 
increasing pre-competition caffeine dose. Furthermore, 
short-term pre-competition caffeine withdrawal appears 
to offer little benefit, and given the potential negative side-
effects, such practices are not recommended. Currently, it 
appears that moderate (~ 3 mg/kg/day) chronic caffeine 
intake is not problematic for most athletes. However, there 
is likely to be substantial inter-individual variation [95], 
both in regard to optimal caffeine dose and timing and 
also the effects of habituation and withdrawal. As such, 
we should be wary of a one-size-fits-all approach. In the 
absence of well-replicated research in this area, a prag-
matic approach is recommended for athletes. Here, the 
currently available research provides athletes and practi-
tioners with an informed starting point, from which they 
can then experiment with different caffeine strategies—
both acute and chronic—during training periods in order 
to enhance caffeine’s ergogenic effects within competi-
tion. Once an effective strategy is found, it can be refined 
and rehearsed, optimizing performance. As illustrated, the 
relationship between caffeine, habitual use, and perfor-
mance is complex and nuanced, poorly understood, and 
ever-changing within the individual. Nevertheless, conven-
tionally, we persist in recycling and utilizing generalized 
guidelines to inform caffeine ingestion strategies. We can, 
and should, improve this process.

Compliance with Ethical Standards 

Funding No sources of funding were used to assist in the preparation 
of this article.

Conflict of interest Craig Pickering is an employee of DNAFit Ltd, a 
genetic testing company. He received no financial incentives for the 
preparation of this manuscript. John Kiely declares that he has no con-
flict of interest relevant to the content of this article.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Heckman MA, Weil J, Mejia D, Gonzalez E. Caffeine (1, 3, 7‐tri-
methylxanthine) in foods: a comprehensive review on consump-
tion, functionality, safety, and regulatory matters. J Food Sci. 
2010;75(3).

 2. Grosso G, Godos J, Galvano F, Giovannucci EL. Coffee, caf-
feine, and health outcomes: an umbrella review. Annu Rev Nutr. 
2017;37:131–56.

 3. Zwyghuizen-Doorenbos A, Roehrs TA, Lipschutz L, Timms V, 
Roth T. Effects of caffeine on alertness. Psychopharmacology. 
1990;100(1):36–9.

 4. Lorist MM, Tops M. Caffeine, fatigue, and cognition. Brain Cogn. 
2003;53(1):82–94.

 5. Haskell CF, Kennedy DO, Milne AL, Wesnes KA, Scholey AB. 
The effects of L-theanine, caffeine and their combination on 
cognition and mood. Biol Psychol. 2008;77(2):113–22.

 6. Gliottoni RC, Motl RW. Effect of caffeine on leg-muscle pain 
during intense cycling exercise: possible role of anxiety sensi-
tivity. Int J Sport Nutr Exerc Metab. 2008;18(2):103–15.

 7. Fitt E, Pell D, Cole D. Assessing caffeine intake in the United 
Kingdom diet. Food Chem. 2013;140(3):421–6.

 8. Rivers WH, Webber HN. The action of caffeine on the capacity 
for muscular work. J Physiol. 1907;36(1):33.

 9. Burke LM. Caffeine and sports performance. Appl Physiol Nutr 
Metab. 2008;33(6):1319–34.

 10. Stuart GR, Hopkins WG, Cook C, Cairns SP. Multiple effects 
of caffeine on simulated high-intensity team-sport performance. 
Med Sci Sports Exerc. 2005;37(11):1998.

 11. Da Silva VL, Messias FR, Zanchi NE, Gerlinger-Romero F, 
Duncan MJ, Guimarães-Ferreira L. Effects of acute caffeine 
ingestion on resistance training performance and perceptual 
responses during repeated sets to failure. J Sports Med Phys 
Fitness. 2015;55(5):383–9.

 12. Duncan MJ, Stanley M, Parkhouse N, Cook K, 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(4):392–9.

 13. Grgic J. Caffeine ingestion enhances Wingate performance: a 
meta-analysis. Eur J Sport Sci. 2018;18(2):219–25.

 14. Grgic J, Mikulic P. Caffeine ingestion acutely enhances muscu-
lar strength and power but not muscular endurance in resistance-
trained men. Eur J Sport Sci. 2017;17(8):1029–36.

 15. Van Thuyne W, Roels K, Delbeke FT. Distribution of caffeine 
levels in urine in different sports in relation to doping control. 
Int J Sports Med. 2005;26(09):714–8.

 16. Del Coso J, Muñoz G, Muñoz-Guerra J. Prevalence of caffeine 
use in elite athletes following its removal from the World Anti-
Doping Agency list of banned substances. Appl Physiol Nutr 
Metab. 2011;36(4):555–61.

 17. Desbrow B, Leveritt M. Awareness and use of caffeine by ath-
letes competing at the 2005 Ironman Triathlon World Champi-
onships. Int J Sports Nutr Exerc Metab. 2006;16(5):545–58.

 18. Chester N, Wojek N. Caffeine consumption amongst British 
athletes following changes to the 2004 WADA prohibited list. 
Int J Sports Med. 2008;29(06):524–8.

 19. Kendall KL, Moon JR, Fairman CM, Spradley BD, Tai CY, 
Falcone PH, et al. Ingesting a preworkout supplement contain-
ing caffeine, creatine, β-alanine, amino acids, and B vitamins 
for 28 days is both safe and efficacious in recreationally active 
men. Nutr Res. 2014;34(5):442–9.

 20. Dodd SL, Brooks E, Powers SK, Tulley R. The effects of caf-
feine on graded exercise performance in caffeine naive ver-
sus habituated subjects. Eur J Appl Physiol Occup Physiol. 
1991;62(6):424–9.

 21. Van Soeren MH, Graham TE. Effect of caffeine on metabolism, 
exercise endurance, and catecholamine responses after with-
drawal. J Appl Physiol. 1998;85(4):1493–501.

 22. Bell DG, McLellan TM. Exercise endurance 1, 3, and 6 h after 
caffeine ingestion in caffeine users and nonusers. J Appl Phys-
iol. 2002;93(4):1227–34.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


841Caffeine Habituation and Performance

 23. Gonçalves L, de Salles Painelli V, Yamaguchi G, de Oliveira 
LF, Saunders B, da Silva RP, et al. Dispelling the myth that 
habitual caffeine consumption influences the performance 
response to acute caffeine supplementation. J Appl Physiol. 
2017;123(1):213–20.

 24. Graham TE. Caffeine and exercise: metabolism, endurance and 
performance. Sports Med. 2001;31(11):785–807.

 25. Doherty M, Smith PM. Effects of caffeine ingestion on rating 
of perceived exertion during and after exercise: a meta-analysis. 
Scand J Med Sci Sports. 2005;15(2):69–78.

 26. Duncan MJ, Oxford SW. The effect of caffeine ingestion on mood 
state and bench press performance to failure. J Strength Cond Res. 
2011;25(1):178–85.

 27. Cook CJ, Crewther BT, Kilduff LP, Drawer S, Gaviglio CM. Skill 
execution and sleep deprivation: effects of acute caffeine or cre-
atine supplementation–a randomized placebo-controlled trial. J 
Int Soc Sports Nutr. 2011;8(1):2.

 28. Arendt J. Managing jet lag: some of the problems and possible 
new solutions. Sleep Med Rev. 2009;13(4):249–56.

 29. Motl RW, O’Connor PJ, Dishman RK. Effect of caffeine on per-
ceptions of leg muscle pain during moderate intensity cycling 
exercise. J Pain. 2003;4(6):316–21.

 30. Maridakis V, O’Connor PJ, Dudley GA, McCully KK. Caffeine 
attenuates delayed-onset muscle pain and force loss following 
eccentric exercise. J Pain. 2007;8(3):237–43.

 31. Hurley CF, Hatfield DL, Riebe DA. The effect of caffeine inges-
tion on delayed onset muscle soreness. J Strength Cond Res. 
2013;27(11):3101–9.

 32. Pasman WJ, Van Baak MA, Jeukendrup AE, De Haan A. The 
effect of different dosages of caffeine on endurance performance 
time. Int J Sports Med. 1995;16(04):225–30.

 33. Spriet LL. Exercise and sport performance with low doses of caf-
feine. Sports Med. 2014;44(2):175–84.

 34. Denoeud F, Carretero-Paulet L, Dereeper A, Droc G, Guyot 
R, Pietrella M, et al. The coffee genome provides insight into 
the convergent evolution of caffeine biosynthesis. Science. 
2014;345(6201):1181–4.

 35. Reissig CJ, Strain EC, Griffiths RR. Caffeinated energy drinks—a 
growing problem. Drug Alcohol Depend. 2009;99(1):1.

 36. Waldron M, Patterson SD, Tallent J, Jeffries O. The effects of 
an oral taurine dose and supplementation period on endurance 
exercise performance in humans: a meta-analysis. Sports Med. 
2018;48(5):1247–53.

 37. Higdon JV, Frei B. Coffee and health: a review of recent human 
research. Crit Rev Food Sci Nutr. 2006;46(2):101–23.

 38. Loureiro LM, Reis CE, da Costa TH. Effects of coffee components 
on muscle glycogen recovery: a systematic review. Int J Sport Nutr 
Exerc Metab. 2018. https ://doi.org/10.1123/ijsne m.2017-0342.

 39. Boulenger JP, Patel J, Post RM, Parma AM, Marangos PJ. Chronic 
caffeine consumption increases the number of brain adenosine 
receptors. Life Sci. 1983;32(10):1135–42.

 40. Shi D, Nikodijević O, Jacobson KA, Daly JW. Chronic caffeine 
alters the density of adenosine, adrenergic, cholinergic, GABA, 
and serotonin receptors and calcium channels in mouse brain. Cell 
Mol Neurobiol. 1993;13(3):247–61.

 41. Svenningsson P, Nomikos GG, Fredholm BB. The stimulatory 
action and the development of tolerance to caffeine is associated 
with alterations in gene expression in specific brain regions. J 
Neurosci. 1999;19(10):4011–22.

 42. Bangsbo J, Jacobsen K, Nordberg N, Christensen NJ, Graham T. 
Acute and habitual caffeine ingestion and metabolic responses to 
steady-state exercise. J Appl Physiol. 1992;72(4):1297–303.

 43. Dager SR, Layton ME, Strauss W, Richards TL, Heide A, Fried-
man SD, et al. Human brain metabolic response to caffeine and 
the effects of tolerance. Am J Psychiatry. 1999;156(2):229–37.

 44. Goldstein ER, Ziegenfuss T, Kalman D, Kreider R, Campbell 
B, Wilborn C, et al. International Society of Sports Nutrition 
position stand: caffeine and performance. J Int Soc Sports Nutr. 
2010;7(1):5.

 45. Caffeine for improved athletic performance (internet). 2011. http://
www.ironm an.com/triat hlon-news/artic les/2011/01/using -caffe 
ine-to-impro ve-athle tic-perfo rmanc e.aspx#axzz4 yrkHm FDM. 
Accessed 2 Feb 2018.

 46. Jeukendrup A. Do you need to refrain from coffee to get the 
maximal effect of caffeine? (internet). 2017 http://www.myspo 
rtsci ence.com/singl e-post/2017/06/18/Do-you-need-to-refra in-
from-coffe e-to-get-the-maxim al-effec t-of-caffe ine. Accessed 2 
Feb 2018.

 47. Desbrow B, Hughes R, Leveritt M, Scheelings P. An examina-
tion of consumer exposure to caffeine from retail coffee outlets. 
Food Chem Toxicol. 2007;45(9):1588–92.

 48. Desbrow B, Henry M, Scheelings P. An examination of con-
sumer exposure to caffeine from commercial coffee and coffee-
flavoured milk. J Food Compost Anal. 2012;28(2):114–8.

 49. Areta JL, Irwin C, Desbrow B, et  al. Inaccuracies in caf-
feine intake quantification and other important limitations 
in recent publication by Gonçalves et  al. J Appl Physiol. 
2017;123(5):1414.

 50. Carrillo JA, Christensen M, Ramos SI, Alm C, Dahl ML, Benítez 
J, Bertilsson L. Evaluation of caffeine as an in vivo probe for 
CYP1A2 using measurements in plasma, saliva, and urine. Ther 
Drug Monit. 2000;22(4):409–17.

 51. Lelo A, Miners JO, Robson R, Birkett DJ. Assessment of caf-
feine exposure: caffeine content of beverages, caffeine intake, and 
plasma concentrations of methylxanthines. Clin Pharmacol Ther. 
1986;39(1):54–9.

 52. Cornelis MC, El-Sohemy A, Campos H. Genetic polymorphism 
of the adenosine A2A receptor is associated with habitual caffeine 
consumption. Am J Clin Nutr. 2007;86(1):240–4.

 53. Cornelis MC, Monda KL, Yu K, Paynter N, Azzato EM, Bennett 
SN, et al. Genome-wide meta-analysis identifies regions on 7p21 
(AHR) and 15q24 (CYP1A2) as determinants of habitual caffeine 
consumption. PLoS Genet. 2011;7(4):e1002033.

 54. Josse AR, Da Costa LA, Campos H, El-Sohemy A. Associations 
between polymorphisms in the AHR and CYP1A1-CYP1A2 
gene regions and habitual caffeine consumption. Am J Clin Nutr. 
2012;96(3):665–71.

 55. Womack CJ, Saunders MJ, Bechtel MK, Bolton DJ, Martin M, 
Luden ND, et al. The influence of a CYP1A2 polymorphism 
on the ergogenic effects of caffeine. J Int Soc Sports Nutr. 
2012;9(1):7.

 56. Rahimi R. The effect of CYP1A2 genotype on the ergogenic 
properties of caffeine during resistance exercise: a randomized, 
double-blind, placebo-controlled, crossover study. Ir J Med Sci. 
2018. https ://doi.org/10.1007/s1184 5-018-1780-7.

 57. Guest N, Corey P, Vescovi J, El-Sohemy A. Caffeine, CYP1A2 
genotype, and endurance performance in athletes. Med Sci Sports 
Exerc. 2018. https ://doi.org/10.1249/MSS.00000 00000 00159 6.

 58. Loy BD, O’Connor PJ, Lindheimer JB, Covert SF. Caffeine is 
ergogenic for adenosine A2A receptor gene (ADORA2A) T allele 
homozygotes: a pilot study. J Caffeine Res. 2015;5(2):73–81.

 59. Fredholm BB, Bättig K, Holmén J, Nehlig A, Zvartau EE. Actions 
of caffeine in the brain with special reference to factors that con-
tribute to its widespread use. Pharmacol Rev. 1999;51(1):83–133.

 60. Lau CE, Falk JL. Dose-dependent surmountability of locomo-
tor activity in caffeine tolerance. Pharmacol Biochem Behav. 
1995;52(1):139–43.

 61. Sachse C, Brockmöller J, Bauer S, Roots I. Functional signifi-
cance of a C → A polymorphism in intron 1 of the cytochrome 
P450 CYP1A2 gene tested with caffeine. Br J Clin Pharmacol. 
1999;47(4):445–9.

https://doi.org/10.1123/ijsnem.2017-0342
http://www.ironman.com/triathlon-news/articles/2011/01/using-caffeine-to-improve-athletic-performance.aspx#axzz4yrkHmFDM
http://www.ironman.com/triathlon-news/articles/2011/01/using-caffeine-to-improve-athletic-performance.aspx#axzz4yrkHmFDM
http://www.ironman.com/triathlon-news/articles/2011/01/using-caffeine-to-improve-athletic-performance.aspx#axzz4yrkHmFDM
http://www.mysportscience.com/single-post/2017/06/18/Do-you-need-to-refrain-from-coffee-to-get-the-maximal-effect-of-caffeine
http://www.mysportscience.com/single-post/2017/06/18/Do-you-need-to-refrain-from-coffee-to-get-the-maximal-effect-of-caffeine
http://www.mysportscience.com/single-post/2017/06/18/Do-you-need-to-refrain-from-coffee-to-get-the-maximal-effect-of-caffeine
https://doi.org/10.1007/s11845-018-1780-7
https://doi.org/10.1249/MSS.0000000000001596


842 C. Pickering, J. Kiely 

 62. Gu L, Gonzalez FJ, Kalow W, Tang BK. Biotransformation of 
caffeine, paraxanthine, theobromine and theophylline by cDNA-
expressed human CYP1A2 and CYP2E1. Pharmacogenetics. 
1992;2(2):73–7.

 63. Tantcheva-Poór I, Zaigler M, Rietbrock S, Fuhr U. Estimation 
of cytochrome P-450 CYP1A2 activity in 863 healthy Cauca-
sians using a saliva-based caffeine test. Pharmacogenetics. 
1999;9(2):131–44.

 64. Rasmussen BB, Brix TH, Kyvik KO, Brøsen K. The interindivid-
ual differences in the 3-demethylation of caffeine alias CYP1A2 
is determined by both genetic and environmental factors. Pharma-
cogenetics. 2002;12(6):473–8.

 65. Evans SM, Griffiths RR. Caffeine withdrawal: a parametric 
analysis of caffeine dosing conditions. J Pharmacol Exp Ther. 
1999;289(1):285–94.

 66. Van Soeren MH, Sathasivam P, Spriet LL, Graham TE. Caffeine 
metabolism and epinephrine responses during exercise in users 
and nonusers. J Appl Physiol. 1993;75(2):805–12.

 67. Graham TE, Spriet LL. Performance and metabolic responses to 
a high caffeine dose during prolonged exercise. J Appl Physiol. 
1991;71(6):2292–8.

 68. Spriet LL, MacLean DA, Dyck DJ, Hultman E, Cederblad G, Gra-
ham TE. Caffeine ingestion and muscle metabolism during pro-
longed exercise in humans. Am J Physiol. 1992;262(6):E891–8.

 69. Beaumont R, Cordery P, Funnell M, Mears S, James L, Wat-
son P. Chronic ingestion of a low dose of caffeine induces tol-
erance to the performance benefits of caffeine. J Sports Sci. 
2017;35(19):1920–7.

 70. Evans M, Tierney P, Gray N, Hawe G, Macken M, Egan B. Acute 
ingestion of caffeinated chewing gum improves repeated sprint 
performance of team sports athletes with low habitual caffeine 
consumption. Int J Sport Nutr Exerc Metab. 2018;28(3):221–7.

 71. Laursen PB, Francis GT, Abbiss CR, Newton MJ, Nosaka K. 
Reliability of time-to-exhaustion versus time-trial running tests 
in runners. Med Sci Sports Exerc. 2007;39(8):1374–9.

 72. Lane JD, Steege JF, Rupp SL, Kuhn CM. Menstrual cycle effects 
on caffeine elimination in the human female. Eur J Clin Pharma-
col. 1992;43(5):543–6.

 73. Hartley TR, Lovallo WR, Whitsett TL. Cardiovascular effects of 
caffeine in men and women. Am J Cardiol. 2004;93(8):1022–6.

 74. Butts NK, Crowell D. Effect of caffeine ingestion on cardiores-
piratory endurance in men and women. Res Q Exerc Sport. 
1985;56(4):301–5.

 75. Skinner T, Desbrow B, Schaumberg M, Osborne J, Grant G, 
Anoopkumar-Dukie S, Leveritt M. Do women experience the 
same ergogenic response to caffeine as men? J Sci Med Sport. 
2015;19:e67.

 76. Collomp K, Ahmaidi S, Chatard JC, Audran M, Prefaut C. 
Benefits of caffeine ingestion on sprint performance in trained 
and untrained swimmers. Eur J Appl Physiol Occup Physiol. 
1992;64(4):377–80.

 77. Skinner T, Jenkins D, Coombes J, Leveritt M, Taaffe D. Does 
training status influence peak caffeine levels following caffeine 
ingestion? J Sci Med Sport. 2012;15(S1):53.

 78. Sichieri R, Everhart JE. Validity of a Brazilian food frequency 
questionnaire against dietary recalls and estimated energy intake. 
Nutr Res. 1998;18(10):1649–59.

 79. Graham TE, Spriet LL. Metabolic, catecholamine, and exercise 
performance responses to various doses of caffeine. J Appl Phys-
iol. 1995;78(3):867–74.

 80. Fisher SM, McMurray RG, Berry M, Mar MH, Forsythe WA. 
Influence of caffeine on exercise performance in habitual caffeine 
users. Int J Sports Med. 1986;7(05):276–80.

 81. Astorino TA, Rohmann RL, Firth K. Effect of caffeine ingestion 
on one-repetition maximum muscular strength. Eur J Appl Phys-
iol. 2008;102(2):127–32.

 82. Doepker C, Lieberman HR, Smith AP, Peck JD, El-Sohemy A, 
Welsh BT. Caffeine: friend or foe? Annu Rev Food Sci Technol. 
2016;7:117–37.

 83. Holtzman SG, Finn IB. Tolerance to behavioral effects of caffeine 
in rats. Pharmacol Biochem Behav. 1988;29(2):411–8.

 84. Kaplan GB, Greenblatt DJ, Kent MA, Cotreau-Bibbo MM. Caf-
feine treatment and withdrawal in mice: relationships between 
dosage, concentrations, locomotor activity and A1 adenosine 
receptor binding. J Pharmacol Exp Ther. 1993;266(3):1563–72.

 85. Nehlig A. Are we dependent upon coffee and caffeine? A 
review on human and animal data. Neurosci Biobehav Rev. 
1999;23(4):563–76.

 86. Bruce M, Scott N, Shine P, Lader M. Caffeine withdrawal: a 
contrast of withdrawal symptoms in normal subjects who have 
abstained from caffeine for 24 hours and for 7 days. J Psychop-
harmacol. 1991;5(2):129–34.

 87. Juliano LM, Griffiths RR. A critical review of caffeine withdrawal: 
empirical validation of symptoms and signs, incidence, severity, 
and associated features. Psychopharmacology. 2004;176(1):1–29.

 88. James JE, Rogers PJ. Effects of caffeine on performance and 
mood: withdrawal reversal is the most plausible explanation. 
Psychopharmacology. 2005;182(1):1–8.

 89. Irwin C, Desbrow B, Ellis A, O’Keeffe B, Grant G, Leveritt M. 
Caffeine withdrawal and high-intensity endurance cycling perfor-
mance. J Sports Sci. 2011;29(5):509–15.

 90. Pickering C, Kiely J. Are the current guidelines on caffeine use in 
sport optimal for everyone? Inter-individual variation in caffeine 
ergogenicity, and a move towards personalised sports nutrition. 
Sports Med. 2018;48(1):7–16.

 91. Costill DL, Dalsky GP, Fink WJ. Effects of caffeine ingestion 
on metabolism and exercise performance. Med Sci Sports. 
1978;10(3):155–8.

 92. McNaughton L. Two levels of caffeine ingestion on blood lactate 
and free fatty acid responses during incremental exercise. Res Q 
Exerc Sport. 1987;58(3):255–9.

 93. Gonglach AR, Ade CJ, Bemben MG, Larson RD, Black CD. 
Muscle pain as a regulator of cycling intensity: effect of caffeine 
ingestion. Med Sci Sports Exerc. 2016;48(2):287–96.

 94. Stevens CJ, Mauger AR, Hassmèn P, Taylor L. Endurance per-
formance is influenced by perceptions of pain and temperature: 
theory, applications and safety considerations. Sports Med. 
2018;48(3):525–37.

 95. Pickering C. Caffeine, CYP1A2 genotype, and sports perfor-
mance: is timing important? Ir J Med Sci. https ://doi.org/10.1007/
s1184 5-018-1811-4.

 96. Wickham KA, Spriet LL. Administration of caffeine in alternate 
forms. Sports Med. 2018;48(S1):79–91.

 97. Cox GR, Desbrow B, Montgomery PG, Anderson ME, Bruce 
CR, Macrides TA, et al. Effect of different protocols of caffeine 
intake on metabolism and endurance performance. J Appl Physiol. 
2002;93(3):990–9.

 98. Burke LM. Practical issues in evidence-based use of performance 
supplements: supplement interactions, repeated use and individual 
responses. Sports Med. 2017;47(1):79–100.

https://doi.org/10.1007/s11845-018-1811-4
https://doi.org/10.1007/s11845-018-1811-4

	What Should We Do About Habitual Caffeine Use in Athletes?
	Abstract
	1 Introduction
	2 Does Chronic Caffeine Use Alter Caffeine’s Acute Ergogenic Effects?
	2.1 The Problem with Assessing Habitual Caffeine Use
	2.2 Habitual Caffeine Use and Athletic Performance
	2.3 What to Make of These Results?
	2.4 What Does This Mean for Athletes?

	3 Does Caffeine Withdrawal in Habitual Users Restore Optimized Ergogenic Effects?
	4 Rational Interpretations and Practical Implications
	4.1 Inter-individual Variation in Caffeine Habituation and Performance
	4.2 Some Tentative Recommendations

	5 Conclusions
	References




