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CMA submission to FSANZ 1st Call for submissions – Proposal P1056 Caffeine review 

 
Complementary Medicines Australia (CMA) appreciates the opportunity to provide feedback on 
FSANZ’s review of the permissions for caffeine in the general food supply and formulated 
supplementary sports foods. We are aware there are ongoing issues in relation to caffeine and have 
given significant thought to this consultation. 

CMA is the peak body representing the complementary medicines and health food products sector 
supporting Australian jobs, research, manufacturing and exports by meeting community demand for 
preventative and complementary healthcare. CMA represents sponsors, manufacturers, suppliers 
and retailers of complementary medicines and nutritional products including foods. 

CMA membership represents approximately 80% of the supply chain for complementary medicines. 
For sports supplements, CMA represents a smaller proportion of the market, but currently are the 
main body representing industry with sports supplements interests. 

CMA supports safe and responsible use of products, whilst retaining consumer access and choice, 
through regulation that is fair, balanced and risk-based. 

History of caffeine regulation & CMA 

CMA’s approach to the responsible regulation of caffeine products has been consistent throughout 
the years. For example, in May 2018, CMA sought additional regulation for therapeutic goods to 
ensure safe use of the caffeine, where we proposed: 

‘Labels of [complementary medicines] containing caffeine should advise users to limit their total 
caffeine intake from all sources (including tea, coffee or other products containing caffeine), and 
should provide information regarding the amount of caffeine per dose of the product relative to the 
caffeine content of a cup of coffee. For example, a statement such as the following should be included 
on the label: 

Limit the use of caffeine-containing products (including tea and coffee) when taking this product. 
One tablet/capsule contains about the same amount of caffeine as x cups of instant coffee.’ 

At that time, our recommendation was not taken up. At a later date, even higher restrictions were 
placed on those products without consultation based upon an adverse event that had occurred, 
despite that event likely occurring from an unregulated imported product. From this experience we 
are concerned that the regulators need to give greater heed when industry is regulation-positive and 
to the proposals suggested, provided there is adequate consultation and impact analysis. 
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FSANZ Proposal - summary 
 

CMA notes that FSANZ is in particular, reviewing: 
- caffeine in Formulated Supplementary Sports Foods (FSSF) and foods in general supply; and 
- the extent of the risk posed to vulnerable sub-populations and whether and how risk can be 

managed. 

FSANZ is not proposing to amend the permissions for: 
- cola-type drinks 
- formulated caffeinated beverages (FCBs), or 
- naturally occurring caffeine [i.e., no impact on the sale of coffee and tea and chocolate that 

naturally contain caffeine, or the mixing of these foods with other foods under this proposal] 

FSANZ has outlined three options in the proposal: Option1 : Status quo; Option 2: Status quo with 
non-regulatory approach (i.e., education); and Option 3: Hybrid mix of regulatory and non-regulatory 
approaches. 

Under FSANZ’s preferred option, Option 3 – Hybrid mix of regulatory and non-regulatory 
approaches, preferred measures are stated to include: 

- a new express permission to add caffeine to FSSF i.e., total caffeine up to a maximum of 200 mg 
in a one day quantity in conjunction with labelling requirements, including; 
o a requirement to declare the average quantity of caffeine present, irrespective of the 

source or amount; and 
o ‘contains caffeine’ – or words to that effect; a non-prescribed advisory statement on the 

label of all FSSF containing caffeine, irrespective of the source or amount, in addition to 
required advisory statements for FSSF; 

- an express prohibition on the addition of caffeine to foods for retail sale other than those that 
have a specific permission i.e., currently cola-type drinks and formulated caffeinated beverages 
(FCBs); 

- the inclusion of the non-regulatory options outlined in option 2 (revisions and update of 
consumer education materials); and 

- the removal of the P1045 variation; the prohibition of the retail sale of foods in which total 
caffeine is present in a concentration of 5% or more (solid or semi-solid food) or 1% or more 
(liquid food). 
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CMA Position 
CMA’s position is that first and foremost, FSANZ should consider whether a singular food standard 
should be implemented for formulated caffeinated foods and beverages so that innovation is not 
inhibited but that adequate safeguards for consumers are in place. 

 
As a singular standard is out of scope of this consultation, CMA supports the concept of a hybrid mix 
of regulatory and non-regulatory approaches, however, with a significantly modified regulatory 
approach from that currently outlined in Option 3, as outlined in this submission. 

 
In brief summary, CMA’s position includes that: 

 
- We agree consumers should be educated via the non-regulatory options for safe consumption; 

 
- As part of an effective educative approach, consumers should have labelling across all types of 

specifically formulated caffeinated preparations that helps them understand the quantity of 
caffeine intake, not only FSSF; 

 
- While we support an express permission for caffeine in FSSF, the permission and proposed one- 

day quantity must be reconsidered in respect of broader safety impact of effectively dis- 
incentivising consumers from seeking risky overseas purchases. It also should be reconsidered in 
view of product innovation, global trade needs, and the need to support consumer choice of 
caffeine source based on established scientific data; 

 
- For FSSF, consumers must be permitted to access information that reliably supports caffeine use 

in sports performance and that is recognised by other reputable and/or Government bodies; and 
 
- The P1045 variation removal must not occur without consideration of incidental or low amounts 

of caffeine potentially present in a wide range of foods and flavours, and further must not occur 
without consideration of flexibility, innovation, trade concerns, cultural food concerns, and the 
right to consumer choice. 

 

Supporting equal measures for consumer choice and 
consumer advice 
A preparation containing “added caffeine” from any concentrated source when used in a commercial 
preparation for human consumption has the same physiological effects, requiring the same advisory 
statements for consumer understanding and benefit, irrespective of the source or category of food. 
This is true whether that purified or concentrated caffeine is naturally or chemically sourced, and 
whether for the purposes of adding caffeine as either a flavouring agent or as a physiologically active 
agent or both. 

 
Other than caffeine in foods in low or incidental quantities (such as below 20mg), which may be 
excepted from this view as the amount is physiologically minimal, higher doses of caffeine in 
formulated preparations should be treated similarly due to the equivalent physiological impact and 
universal consumer knowledge of its effect, irrespective of the concentrated source or stated 
function of the ingredient. 
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Note: This view excepts naturally infused or brewed coffee grounds and tea leaves – which as 
provided by the FSANZ paper, have a long history of use and whose consumption is naturally 
self-limited by consumers. 

 
For formulated food or beverage preparations with added caffeine, the impact described in relation 
to caffeine and health is not limited or restricted to FSSF. Despite FSSF having associated claims, 
consumers are almost universally aware of caffeine impacts and choose their source according to 
their individual preference, which may be brewed beverages, cola-type drinks, FSSF, formulated 
caffeinated beverage (FCBs), or in some cases, a therapeutic good. 

 
As noted above, caffeine has the same impact on human physiology and psychology irrespective of 
the form taken. This is highlighted by the trial being run in Western Australia to exclude teenagers 
under 18 from accessing ‘energy drinks’ due to caffeine-induced problems including anxiety, 
restlessness, and insomnia; and the United Kingdom 2018 consultation on ending the sale of caffeine 
containing energy drinks to children due to similar concerns (Department of Health & Social Care, 
2018). 

 
In consideration of the above, and as part of measures proposed under Option 3, CMA supports 
educative, non-regulatory approaches that provide appropriate information for consumers and 
support consumer choice for caffeine across all caffeine intake sources. Educative measures should 
necessarily encompass material on ‘energy drinks’ as well as FSSF, and should be tailored for, and 
directed to, those groups most at risk. 

 
However, while we support education about caffeine intake across all sources (in keeping with our 
longstanding position) and across all formulated goods, we do not agree it is the role of the 
Government to determine the avenue in which consumers choose to consume their recommended 
upper intake. Consumers of sports supplements are very alert to nutritional and caffeine intake 
profiles and it is within their interest to have a range of different sport formulations available so they 
may choose the appropriate one within reason, whether that be 100, 200, or 400mg per day. It also 
supports Government goals of innovation and appropriately supports consumers’ desire for personal 
choice. 

 
As example: 

- A university student may prefer their intake wholly from cola beverages 

- An officer worker may prefer their caffeine intake wholly from brewed coffee 

- A runner may have a preference their intake wholly from formulated caffeinated beverages 

- An athlete or bodybuilder may prefer their intake wholly from sports supplements / FSSF 

- Any person may prefer their caffeine intake from any combination of the above on any different 
day, and this already occurs. This must be considered fairly for any formulated food permission 
and labelling decisions. 

 
If the Government is to advise on a recommended upper limit of caffeine or if consumers are 
expected to self-regulate caffeine intake, all formulated foods in food standards should have the 
same key advisory regarding quantity of caffeine so that consumers can appropriately apply any 
knowledge or educative material in a real world setting. 
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Labelling requirements 
 

A disparity of regulatory approaches across product types creates confusion for consumers and may 
pose greater risks for children, adolescents, and pregnant women if they are unable to estimate 
their total caffeine intake. Excessive consumption of caffeine increases cardiovascular health risks 
for children and adolescents (BfR, 2019). 

 
The proposed requirement to include label advisory statements, including to declare the average 
quantity of caffeine present, irrespective of the source or amount; in addition to ‘contains caffeine’ 
(or words to that effect), should be applied not only to FSSF, but to any food or beverage 
preparation (with the exception of naturally brewed coffee or tea) that has naturally extracted and 
concentrated, or chemically produced and added caffeine; whether as a flavouring agent, or as a 
physiologically active agent, or both. 

 
In combination with the non-regulatory educative measures, this ensures consumers are a) 
adequately informed and b) have a choice about which sources of caffeinated foods and /or 
beverages they decide to consume. 

 
Nutrient information panel 

 

According to the FSANZ paper, the proposed advisory statement ‘contains caffeine’ and the 
proposed declaration of caffeine in the NIP would not constitute nutrition content claims, as these 
would be mandatory requirements and therefore, not claims. As these are mandatory requirements 
there does not appear to be a need to align the statement with the approach to declare biologically 
active substances (i.e., caffeine) in the NIP. 

This could, instead, be aligned with existing requirements for FCBs, whereby caffeine is not to be in 
the NIP but can be below it, or for sponsors to be afforded the flexibility to choose where the 
required declaration appears. 

 

Other label advisory statements 
 

FSSF are currently required to be labelled with the warning statement: 

Not suitable for children under 15 years of age or pregnant women: Should only be used 
under medical or dietetic supervision. 

The exact wording as prescribed in this statement is currently required to be on the label of all FSSF. 

As above, caffeine is physiologically identical irrespective of source. CMA supports alignment of 
advisory statements across different categories of formulated caffeinated products above 
20mg/serve with the exception of non-concentrated forms of coffee, tea and chocolate. 
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Proposed removal of the P1045 variation 
Supporting product innovation and cultural purposes 

 

The proposed removal of the P1045 variation will result in a prohibition on all caffeine in foods for 
retail sale unless otherwise permitted (i.e., currently cola-type drinks and FCBs; and potentially FSSF 
pending the outcome of the consultation process). This is an unnecessarily extreme measure. 

There is potential for plants or extracts of plants that are sources of caffeine to be novel foods. Novel 
foods are prohibited from being sold as an ingredient or component in a food offered for retail sale 
unless expressly permitted by the Code, and there are no such permissions for general foods. Some 
plant sources of caffeine, whether the whole plant or an extract, may meet the definition of a novel 
food in the Code, requiring a pre-market assessment before they can be added to food irrespective 
of the purpose of addition to food. 

This could unreasonably stifle innovation of products in a food matrix, where chocolate, bars, or 
other foods may reasonably be used as a delivery mechanism for herbs. Some herbs such as guarana 
already have a long history of use in these kinds of foods. It has also been observed that black tea 
extracts have been used in various chai products with milk or sugar as the medium, and it is 
uncertain if such products would fit into the food scheme under such a ban. There are also 
precedent legal cases that prevent green tea extracts or coffee extracts from being used in 
therapeutic goods in a powdered beverage form, as the coffee or tea medium suggested they were 
designated foods with a tradition of use in Australia, and thus unable to be therapeutic goods. This 
prevents such a ban from being able to take place in foods as there must be appropriate provision 
and clarity to permit such formats into the food supply with added caffeine. There is no rationale to 
permit some formats, but have regulatory blockades on others – it stifles Australian formulation 
innovation and consumer choice. 

The prohibition also calls into question some existing foods that are of uncertain or borderline novel 
status. The current FSANZ Record of views formed in response to inquiries (Updated November 2022) 
lists varying decisions relating to caffeine-containing goods, including teas or extracts of teas. There 
is the likelihood it could potentially impact the use of traditional foods containing caffeine with 
cultural traditions for the cultural communities in Australia that use them, and that may also be 
shared by Australians without that traditional background. The longstanding difficulties relating to 
Piper methysticum (Kava Kava) demonstrate the issues arising from generating bans without a long 
term view to cultural sensitivities. 

The overall effect of stifling innovation for foods and having no regulatory pathway either in foods or 
in therapeutic goods for innovative products that consumers desire to enter the market, is deeply 
troubling for Australian industry. It is expected that if this occurs, consumers will seek more 
innovative (and potentially unregulated, poor quality) products available in the international market. 
This approach does not align with the Government’s Modern Manufacturing Initiative, which 
identified the food and beverage category as a high value add for Australian industry, which aims to 
encourage innovation among small and medium sized enterprises (SMEs) within of the food and 
beverage manufacturing sector. 
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Whilst the concern about caffeine is understood, there is no reason that there should not be a 
universal approach or even a single standard in respect of caffeine products to ensure there is 
consistency, but flexibility across the food and beverage category. 

Further, the proposal acknowledges that there are not any relevant international standards 
regarding caffeine, but that amending the Code to provide specific permission for the addition of 
caffeine to FSSF and prohibit its addition to other foods unless specifically permitted, may have an 
effect on international trade. We note that this will be more fully considered at the next stage of the 
assessment however, any new international trade impacts, in conjunction with newly imposed 
national restrictions has the potential to not only adversely affect sponsors and manufacturers of 
affected products, but also the Australian economy. 

 
 

Incidental amounts of caffeine in foods 
 

Other than wider product innovation discussed above, any proposal to ban all caffeine from the 
general food supply unless expressly permitted has not considered incidental levels of caffeine in 
food, whether from natural or concentrated sources in a wide variety of foods that do not have 
express permissions. This may include flavours where the food producer purchasing a flavour from a 
supplier of proprietary flavour mixes may not be aware of low amounts of added caffeine, or it may 
include products that contain natural sources of caffeine from plant sources but at a low level. 

The removal of the P1045 variation will affect stakeholders whose products contain small amounts 
of caffeine within a flavouring preparation used as a food additive (i.e., for technological purposes, 
not physiological purposes), as providers of flavouring preparations for foods do not always disclose 
formulations to food businesses that are not allergen specific. If suppliers of food flavours are 
unaware that there is a prohibition for caffeine to be added to ‘other foods’, the food business is not 
necessarily going to be aware that a restricted ingredient is in the flavouring formulation. This will 
therefore, disadvantage businesses who are supplied flavour formulations that do not meet the 
FSANZ requirements. It will also result in the requirement of a pre-market assessment to add 
caffeine to any other food as either a minimal amount or as a flavour; a costly and time consuming 
process not commensurate with risk. 

Incidental amounts of caffeine up to 20mg must remain permissible in foods under any 
circumstances to support existing products and prevent unintended and unnecessary regulatory 
impacts and consequences, excepting foods expressly intended for infants or young children. 

 

 
Express permission to add caffeine to FSSF 
CMA welcomes an express permission of caffeine in the Standard applicable to Formulated 
Supplementary Sports Foods - Standard 2.9.4. This will assist in safeguarding consumers by 
providing safe and readily accessible products in Australia. 

Based on member customer behaviour, we anticipate it will significantly reduce the risk to 
consumers who believe their needs are not currently met by Australian products and who frequently 
seek to purchase caffeine containing products that can be easily sourced from international e- 
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commerce websites. These websites often appear to be Australian websites or are fundamentally no 
different to purchasing from Australian websites, but may sell less regulated products that are more 
likely poorly controlled and may be more highly caffeinated. 

While we agree that, in the interest of public safety, there must be a daily limit and certain labelling 
requirements applied to products containing caffeine, we do not consider it within FSANZ’s remit to 
limit how much caffeine is consumed by a member of the public from any given source. The current 
proposal of 200mg a day is overly conservative and will not achieve the intended goals. 

Based on available data, and allowing for consumer choice and preference, CMA propose a data 
driven permission to add caffeine to FSSF at a maximum 400 mg one-day quantity; to be 
presented in single servings of no greater than 200 mg. 

400mg a day is quite conservative, compared to products available for personal importation, and is 
widely viewed to be the amount to make Australian products minimally acceptable to persons 
seeking caffeine from sports supplements. 

Further, for companies that are global but operate an Australian arm, 400mg a day (including no 
greater than 200mg per serve) harmonises with global SKUs and therefore, allows appropriate 
trade to continue without interruption. 

 
 

Analysis: Safety of maximum 400 mg one-day quantity 
 

According to FSANZ CFS report: 

• Single intakes of caffeine of up to 210 mg (approximately 3 mg/kg) are not generally 
associated with any adverse effects; and 

• 400 mg/day of caffeine is considered safe for most adults. 

This is based on and based on EFSA (2015) opinion, which provides for single doses of caffeine: 

“… up to 200 mg (about 3 mg/kg for a 70 kg adult) from all sources do not give rise to safety 
concerns for the general healthy adult population. 

The same amount of caffeine does not give rise to safety concerns when consumed less 
than two hours prior to intense physical exercise under normal environmental conditions.” 

 
For habitual caffeine consumption: 

“Caffeine intakes from all sources up to 400 mg per day (about 5.7 mg/kg bw per day for a 
70-kg adult) consumed throughout the day do not give rise to safety concerns for healthy 
adults in the general population, except pregnant women. 

No health concerns in relation to acute toxicity, bone status, cardiovascular health, cancer 
risk or male fertility have been raised by other bodies in previous assessments for this level 
of habitual caffeine consumption and no new data have become available on these or other 
clinical outcomes which could justify modifying these conclusions.” 

Other international regulatory positions, noted in the safety assessment and provided below, 
indicate that caffeine intake up to 400 mg daily is not associated with adverse effects. This includes 
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a recent 2021 risk assessment of caffeine exposure from diet and personal care products published 
by the Norwegian Scientific Committee for Food and Environment (VKM) (Hauger Carlsen, 
Gulbrandsen Devold, Laugsand Lillegard et al., 2021), which found that habitual caffeine exposure 
of about 5.7 mg/kg per day (400 mg/day) is not considered to give rise to safety concerns for 
healthy groups of the general population. 

Canada 

Canada’s Natural Health Product Monograph for caffeine provides that, for uses other than as a 
mild diuretic, 200 milligrams of caffeine per single dose up to maximum limit of 1000 milligrams per 
day is permitted (2018). 

 
Caffeine is included in the Natural Health Product Workout Supplements Monograph; approved for 
use in doses between 100 -400mg per day; 100-200 mg per single dose (Health Canada, 2019). The 
proposed quantities, claims, and advisory statements in this submission are in line with those 
specified in the Health Canada Natural Health Product Workout Supplements Monograph (2019). 

 
EU 

EFSA (2015) provide that single doses of caffeine up to 200 mg (about 3 mg/kg for a 70-kg adult) do 
not give rise to safety concerns and; the same amount does not give rise to safety concerns when 
consumed < 2 hours prior to intense physical exercise under normal environmental conditions. In 
addition, EFSA considered that habitual caffeine consumption up to 400 mg per day does not give 
rise to safety concerns for non-pregnant adults (EFSA, 2015). 

 
USA [FDA/IOM] 

For healthy adults, the FDA has cited 400 milligrams of caffeine a day (the equivalent of four or five 
cups of coffee) as an amount not generally associated with dangerous or negative effects (FDA, 
2018). 

The National Academy of Medicine (formerly the Institute of Medicine [IOM]) provide that 
moderate intake of caffeine for the healthy adult population is defined as a dose level up to 400 
mg/day (equivalent to 6 mg/kg body weight/day in a 65 kg person) (IOM, 2014). 

 
It should be noted that the maximum 400 mg/day limit is based on a 70 kg adult consuming 5.7 
mg/kg caffeine per day. An adult bodyweight of 70 kg is not reflective of the average weight of 
female and male Australians, which is 72 kg and 87 kg, respectively (ABS, 2018). When based on the 
average weight of Australians, the 5.7 mg/kg/day maximum limit provides a higher daily limit of 
caffeine than 400mg a day, outlined in Table 1 below. Therefore, based on body weight, a 
maximum of 400 mg caffeine a day would likely sit below the upper safe limit for many Australian 
adults, but provides a conservatively lower dose for less-than-average weight Australians. As FSSF 
are currently limited to those above 15 years of age, this approach is still a more conservative and 
measured approach to caffeine supplementation than the current regulatory framework for 
caffeinated beverages. 
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Adult weight (≥18 years) Exposures (mg/kg/bw/day) Daily quantity 

72kg 5.7 mg/ kg/bw/day 410mg 

87 kg 5.7 mg/ kg/bw/day 495mg 
Table 1. Total daily doses of caffeine at 5.7mg/kg/day, including for average Australian female and male 
weights; i.e., 72 kg for females and 87 kg for males (ABS, 2018). 

 
 
 
 

Reported adverse events 

In pharmacovigilance it is widely acknowledged there may be underreporting of adverse events and 
that the accuracy of reports is limited to the quality of information provided (including multiple 
suspected substances). We also note that an adverse event report does not mean that the reported 
medicine/product is the cause of the adverse event. Despite this, the available reports of issues 
related to caffeine in formulated preparations, such as therapeutic goods, remains very low: 

- A search of the TGA database of adverse events notifications (DEAN) for ‘caffeine’ between 
01/01/2013 and 01/01/2023 for all adverse reactions, revealed a total of 54 reported adverse 
events. 

- A search of Medsafe NZ Suspected Medicine Adverse Reaction Search (SMARS) for ‘caffeine’ 
between 01/01/2013 and 01/01/2023 for all adverse reactions, revealed a total of 6 reported 
adverse events. 

These results include reports for over the counter medicines, prescription medicines and other 
listed medicines; and in the case of TGA reports, a number of products not included on the 
Australian Register of Therapeutic Goods i.e., illegal or imported goods. 

As outlined previously, single intakes of caffeine up to 200 mg and intakes up to 400 mg per day 
consumed throughout the day are not considered to give rise to safety concerns for adults in the 
general population [except pregnant women]. 

A range of toxicity studies have been conducted with animal models for carcinogenicity and 
reproductive effects, with a NOAEL of approximately 100 mg per kg per day, equating to 
approximately of 7000 mg or 7g of caffeine for a 70 kg adult, or 40 to 80 cups of coffee per day; a 
considerably higher dose than humans are exposed to on a daily basis (IOM, 2014; Brent et al., 
2011). 

While caffeine may result in anxiety and accelerated heart rate in some individuals, these effects 
appear to be more commonly associated with doses above those accepted as safe and having a 
maximal ergogenic effect (approximately ≥ 9 mg/kg ≈ 630mg for a 70 kg adult) (Burke, 2008). 
Despite the proposed dose being considered safe by a number of authorities, the most commonly 
reported risk factors associated with caffeine consumption are addressed below. 

https://www.tga.gov.au/about-daen-medicines#causality
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Cardiovascular effects 

Death due to excessive caffeine ingestion is not common. The acute lethal dose in adult humans 
has been estimated to be 10 g/person (Nawrot et al., 2003). These sudden cardiac events are 
known to include associations with adolescents consuming caffeine ‘energy drinks’ (IOM, 2014), 
and large doses up to 30 grams of caffeine mistakenly administered to healthy volunteers 
participating in laboratory studies (Maughan et al., 2018). 

While caffeine may produce small, temporary increases in blood pressure, slight increases in 
sympathetic activity, and small changes in cardiac electrophysiologic properties in some individuals, 
there is no prevailing evidence to suggest that increases in arrhythmia, cholesterol or other effects 
of caffeine on cardiovascular function are clinically significant (IOM, 2014). 

In addition, EFSA (2015) considered the effects of caffeine on increases in blood pressure and 
reductions in myocardial blood flow and found that, while these changes could increase the risk of 
acute cardiovascular events in subjects with an increased risk of cardiovascular disease, doses of 
200 mg consumed one to two hours prior to exercise present low clinical relevance for healthy 
individuals in the general population under normal environmental conditions. 

Further, much of the available data, on which the Health Canada review on health effects of 
caffeine was based, indicate that moderate caffeine intake (four or fewer cups of coffee per day, or 
≤400 mg caffeine day) does not adversely affect cardiovascular health; it was noted that there are 
insufficient epidemiological data to draw any conclusions about the risk for coronary heart disease 
or mortality associated with consumption of 10 or more cups of coffee per day (≥1000 mg caffeine 
day) (Nawrot et al., 2003). 

 
CYP1A2 

Interindividual differences in response to caffeine [i.e., fast or slow metabolism] are thought to be 
associated with variability in the CYP1A2 gene (Guest et al., 2021). A single nucleotide 
polymorphism has been shown to alter CYP1A2 enzyme inducibility and activity, and in the general 
population, those with one of two alleles (AC or CC) have shown increased risk of hypertension and 
elevated blood pressure, myocardial infarction and pre-diabetes; whereas those with a separate 
genotype (AA) show no increased risk (Southward et al., 2018; Guest et al., 2021). 

However, some studies have reported no difference in the rate of caffeine metabolism between 
fast and slow metabolisers in healthy adults, which may be due to numerous environmental factors 
which have also been shown to affect the inducibility of CYP1A2 (Southward et al., 2018). There are 
vast numbers of substances and environmental factors, that interact with CYP1A2 including 
tobacco, oral contraceptives and various other medicines; and foods such as cruciferous vegetables 
and curcumin. Therefore, a combination of multiple factors could lead to a greatly increased or 
reduced activity of CYP1A2, regardless of caffeine consumption (Southward et al., 2018). 

Medical practitioners do not regularly test for CYP1A2 or apply its meaning in context of caffeine; 
there are no Government webpages advising consumers on how to approach caffeine in respect of 
CYP1A2; and there do not appear to be any Department of Health medical or consumer guidelines 
or information, or any guidance for medical practitioners by the RACGP in respect of CYP1A2. 
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Therefore, the effect of caffeine on CYP1A2 does not appear to pose a serious public health 
concern. 

 
Nervous system 

Nervousness, irritability and insomnia are a reported effect of caffeine consumption for some 
individuals. However, moderate consumption of caffeine in healthy adults has not been associated 
with any major adverse effects on mood or performance, though some caffeine sensitive 
individuals or those with anxiety disorders for example, may need to limit their intake accordingly 
(Nawrot et al., 2003). This is also recognised by FSANZ, who provide that caffeine consumption is 
generally self-limiting or self-managed in adults suffering from anxiety, due to consumers’ 
familiarity with its adverse effects. 

Previous references recognise that adolescents should not be considered equivalent to adults in 
this respect. 

Tolerance physical dependence, withdrawal 

The FSANZ safety assessment states that caffeine consumption is typically self-limiting and is 
generally considered to have little potential for abuse. That is, consumers generally learn to 
regulate their intake to achieve the beneficial effects of caffeine while avoiding the adverse effects . 
The development of a tolerance to caffeine is likely to be dependent on the biological or 
behavioural effect produced and by the level and pattern of caffeine consumption; and cessation 
has been associated with a wide variety of mainly subjective effects (Nawrot et al., 2003). Tolerance 
in humans develops to some, but not to all, effects of caffeine and the development of tolerance is 
highly variable among the population (EFSA, 2015). Therefore, the presence or absence of 
withdrawal symptoms is unpredictable, as some heavy users have ceased ingestion of caffeine with 
no apparent withdrawal (Nawrot et al., 2003). Effects of caffeine withdrawal, if present at all, can 
be variable in the severity of symptoms though if withdrawal does occur, it is demonstrated to be 
short-lived and relatively mild (Nawrot et al., 2003). 

 
FSSF: Declaration of amount of caffeine 

Declaration of caffeine 

CMA conditionally supports the FSANZ proposed requirement to declare the average quantity of 
caffeine present from all ingredient sources (in mg) in any FSSF containing caffeine; and for products 
requiring reconstitution with water, for the declaration to be the amount following reconstitution, 
providing: 

- a 400 mg daily quantity is permitted; 

- there is an exception for products incidentally containing ≤20 mg of caffeine; and 

- the requirement is extended to all formulated caffeine containing foods and beverages (except 
coffee, teas and chocolate). 

This provides consumers appropriate information regarding caffeine content of different categories 
of products; allows consumers to choose and monitor their caffeine consumption from all sources; 
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permits appropriate innovation and import pathways, and prevents consumers being misled from 
FSSF containing minimal / ineffective amounts of caffeine with respect to sports performance. 

FSSF: One-day quantity 
 

CMA notes that broader consideration of ‘one-day quantity’ labelling requirements for all FSSF will 
occur under P1010, and that under this proposal: 

- there are no proposed amendments to the existing labelling requirements for FSSF, which are 
required to label with directions stating the recommended amount and frequency of 
consumption of the food and a statement of recommended consumption in one day; and 

- there is no requirement for FSSF not required to bear a label to be labelled with directions 
stating the recommended amount and frequency of consumption of the food and a statement of 
recommended consumption in one day. 

However, as outlined above, CMA supports a data driven 400mg one-day quantity to align with 
current available research, the approach of comparative regulators and consumer choice about the 
sources from which they decide to derive caffeine. 

 
 

The FSANZ safety assessment states that a maximum level of 400 mg/day of caffeine is considered 
safe for athletes, but that athletes are at elevated risk of caffeine toxicosis due to the following 
factors; a response to each is included below each point: 

• misleading labelling of sports supplements; 

o It is not clear what is meant by this as sports supplements generally promote 
caffeine content as a benefit. While sports supplement usually suggest ergogenic 
benefits, it is again no different from ‘energy drinks’. Further, the declaration that 
certain sports supplements are therapeutic goods made under section 7 of the 
Therapeutic Goods Act 1989, in combination with existing and newly proposed 
measures for caffeine declaration on foods such as FSSF that are supported by this 
submission, effectively deal with any perception of mislabelling. 

• failure to follow the recommended daily dose; 

o This issue is equivalent to any consumer not acting sensibly, or not consuming a 
sensible daily serve of any food or beverage, which is again not limited to sports 
supplements but users of caffeine from all sources. Professional athletes should 
already be supported in monitoring dietary intakes including caffeine. Limiting FSSF 
without other caffeine controls including quantity declarations on other foods 
would be an ineffective strategy to deal with purposefully excessive consumption. 

• deliberate or inadvertent ‘stacking’ by consuming caffeine from multiple sources; 

o The risk of inadvertent ‘stacking’ and toxicosis can be lessened if all formulated food 
or beverage preparations with added caffeine are consistently labelled 
quantitatively so that consumers are aware of how much is contained within each 
source. 
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• a general lack of appreciation of the risks of high caffeine consumption; 

o A lack of appreciation is not isolated to sports supplements users. Casual or 
purposeful irresponsible behaviour related to caffeine is not isolated to sports 
supplements and will not be eliminated even with consistent quantitative labelling 
across food types; any serious consequences of overconsumption from all sources 
can only be educative. 

Whether the 200mg or 400mg one-day quantity is theoretically applied, a percentage limit such as 
that included in P1045 should remain under consideration if it is possible that overly concentrated 
formulas could be produced. 

 
 
 
 

Health claims 
Currently products may be labelled with claims about their use in association with exercise if they 
meet one of three compositional specifications (high carbohydrate supplement, protein energy 
supplement, or energy supplement). FSANZ’s proposal considers that the claims permitted about 
certain products could be made about those products when they contain caffeine. 

However, under the proposal an express or implied representation that relates caffeine to enhanced 
athletic performance or beneficial physiological effects on sports foods could not be made. We 
understand that the regulation of health claims for FSSF is being reviewed by FSANZ under P1010, 
where respondents may seek permissions for an express or implied evidence based representation 
on sports foods that relates caffeine to enhanced athletic performance or beneficial physiological 
effects. However, we also note that the Australian Institute of Sport (AIS, 2021) categorises caffeine 
in ‘Group A’ - Strong scientific evidence for use in specific situations in sport using evidence-based 
protocols at doses of 3mg/kg. The current and proposed inability for an express or implied 
representation relating to caffeine and enhanced athletic performance, or beneficial physiological 
effects on sports foods is inconsistent with the AIS advice; providing conflicting information across 
different government frameworks. 

It has been demonstrated that caffeine between 1.25 – 3 mg/kg and at 6 mg/kg provides a beneficial 
ergogenic effect, and this is consistent with the CMA proposed amount of two 200 mg serves of 
caffeine a day (i.e., a maximum 400 mg one-day quantity). 

This is also consistent with the International Olympic Committee (IOC), who continue to recognise 
that caffeine is frequently used by athletes because of its reported performance-enhancing or 
ergogenic effects. The IOC Consensus Statement on Dietary Supplements and the High-Performance 
Athlete reported that caffeine (~3-6 mg/kg) has shown well-established benefits for athletic 
performance across endurance-based situations, and short-term, supramaximal, and/or repeated 
sprint tasks (Maughan et al., 2018). 

Additionally, the 2018 International Society of Sports Nutrition (ISSN) exercise & sports nutrition 
review update: research & recommendations (Kersick et al., 2018) states that caffeine (3-6 mg/kg) 
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has strong evidence to support efficacy and safety in performance enhancement. The ISSN position 
stand: caffeine and performance (Guest et al., 2021), summarises their findings as follows: 

1. Supplementation with caffeine has been shown to acutely enhance various aspects of 
exercise performance in many but not all studies. Small to moderate benefits of caffeine use 
include, but are not limited to: muscular endurance, movement velocity and muscular 
strength, sprinting, jumping, and throwing performance, as well as a wide range of aerobic 
and anaerobic sport-specific actions. 

2. Aerobic endurance appears to be the form of exercise with the most consistent moderate- 
to-large benefits from caffeine use, although the magnitude of its effects differs between 
individuals. 

3. Caffeine has consistently been shown to improve exercise performance when consumed in 
doses of 3–6 mg/kg body mass. Minimal effective doses of caffeine currently remain unclear 
but they may be as low as 2 mg/kg body mass. Very high doses of caffeine (e.g. 9 mg/kg) are 
associated with a high incidence of side-effects and do not seem to be required to elicit an 
ergogenic effect. 

4. The most commonly used timing of caffeine supplementation is 60 min pre-exercise. Optimal 
timing of caffeine ingestion likely depends on the source of caffeine. For example, as 
compared to caffeine capsules, caffeine chewing gums may require a shorter waiting time 
from consumption to the start of the exercise session. 

5. Caffeine appears to improve physical performance in both trained and untrained individuals. 

6. Inter-individual differences in sport and exercise performance as well as adverse effects on 
sleep or feelings of anxiety following caffeine ingestion may be attributed to genetic 
variation associated with caffeine metabolism, and physical and psychological response. 
Other factors such as habitual caffeine intake also may play a role in between-individual 
response variation. 

7. Caffeine has been shown to be ergogenic for cognitive function, including attention and 
vigilance, in most individuals. 

8. Caffeine may improve cognitive and physical performance in some individuals under 
conditions of sleep deprivation. 

9. The use of caffeine in conjunction with endurance exercise in the heat and at altitude is well 
supported when dosages range from 3 to 6 mg/kg and 4–6 mg/kg, respectively. 

10. Alternative sources of caffeine such as caffeinated chewing gum, mouth rinses, energy gels 
and chews have been shown to improve performance, primarily in aerobic exercise. 

11. Energy drinks and pre-workout supplements containing caffeine have been demonstrated to 
enhance both anaerobic and aerobic performance. 

Recent systematic reviews and meta-analyses (Wang et al., 2023; Grgic & Varovic, 2022; Delleli et al., 
2022; Barreto et al., 2022) and other recent studies (Giráldez-Costas et al., 2022) conducted on the 
effects of caffeine on physical performance in various sporting activities also indicate the ergogenic 
benefits of caffeine at these doses. A review of additional studies on the ergogenic effects of caffeine 
on various physical and psychological parameters are provided in Appendix A. 
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Further, a number of caffeine related health claims have also been approved in global jurisdictions: 

- EFSA (2011b) concluded that 75 mg of caffeine can increase alertness and attention and 
helps to improve concentration in an adult population. 

- EFSA recognises the effects of caffeine on physical performance including increased in 
endurance performance and capacity at 3 mg/kg (210 mg for an average 70kg person) and 
reduction in the rated perceived exertion/effort during exercise at 4 mg/kg (280 mg for an 
average 70 kg person) (EFSA, 2011a). 

- The Health Canada monograph allows promotion of alertness and wakefulness, 
enhancement of cognitive performance, relief of fatigue, promotion of endurance, and 
enhancement of motor performance at a dose of 100 - 200 Milligrams per single dose 
(Health Canada, 2018). The most current recommendation is not to exceed 400 mg per day 
in food (Health Canada, 2022). 

Regarding the effect of caffeine on aerobic exercise performance in the general population, the 
FSANZ proposal states that there is a low level of certainty that caffeine has a small beneficial effect 
on aerobic exercise performance in the general population i.e., a faster time trial performance after 
caffeine intake when compared to placebo. However, it is widely accepted that the ultimate benefit 
of the use of many sports supplements may depend on how and when they are used; for example, 
varied use within training cycles, and pre or post event. 

The literature recognises these products for their ability to produce marginal, but often important, 
benefits to consumers who choose to use them as part of a balanced diet and training regime. 
Consumers will continue to seek sports supplements for a variety of reasons, regardless of whether 
a product delivers significant or minor/marginal benefit. 

 
 
 

Regulatory and consumer impact 
There is wide popularity and prevalence of use of many foods and supplemental products containing 
caffeine. An appropriate level of regulation to ensure safe levels of caffeine in foods, while also 
meeting the needs of consumers needs to be maintained to protect consumers from purchasing 
unregulated products. 

The Australian Government Guide to Regulatory Impact Analysis (2020) recognises that regulatory 
systems aim to reduce risks but that it is not appropriate to seek to avoid all risk. Government 
guidance also reflects the need to consider both risks and indirect risks of regulation. 

If reasonable permissions for caffeine in foods are not implemented / maintained, or are further 
restricted, CMA remains concerned that consumers will turn to purchasing products online via e- 
commerce platforms that are unsafe; products which have the potential to contain both unsafe 
substances and/or unsafe limits of substances. We agree this needs to be balanced by appropriate 
labelling however for consumer benefit this should be across formulated food types. 

Additionally, there are potential impacts for Australian businesses that need to be considered or 
offset, outlined below. 
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Where existing products (or products in development) do not contain caffeine but wish to under an 
express permission, FSSF businesses would need to reformulate and relabel products, emphasising 
the need to get the quantity correct in these consultation rounds before a final decision is made. 

All sports foods sold as FSSF (i.e., not sold as therapeutic goods or dietary supplements) containing 
caffeine would require re-labelling to declare the caffeine content in or below the NIP. 
Where existing products (or products in development) exceed the proposed maximum one-day 
quantity for caffeine, manufacturers, wholesalers and retailers of FSSF, businesses would need to: 

- withdraw the product from sale, or 
- reformulate the product to meet the requirements (for example by reducing or removing 

added caffeine), or 
- re-label the product to re-set serving sizes and directions for use to ensure the caffeine 

content is within the one-day quantity. 

Relabelling should not occur until P1010 is finalised so label changes can be made universally. 

In relation to general foods, FSANZ states that there are expected to be few, if any, products affected 
as the Code does not expressly permit the addition of caffeine to food, apart from cola-type drinks 
and FCBs. Therefore, total cost impact would be small however, the impact on individual businesses 
may be significant. This does not consider, as outlined above, the inevitability of incidental amounts 
of caffeine that may be present as a flavour in flavouring formulations and not declared due to 
inadequate information provided by the flavour supplier. Low risk products such as these must be 
excluded to avoid regulatory complications in the future as well as unnecessary regulatory impacts 
on suppliers, manufacturers, and businesses selling general foods. Low risk products containing very 
low or inadvertent amounts of caffeine, just like chocolate, etc, should not have to apply for explicit 
permissions for specific foods for retail sale to contain caffeine within the Code (application costs 
apply), which would impose a disproportionately large and costly regulatory impact. Moreover, the 
proposal is not aligned with the approach of many comparable regulators to permit lower limits for 
almost all substances except extremely dangerous ones (such as many in s9 and s10 of the Poisons 
Standard) and also poses potential implications for international trade that may further impact the 
sector. 
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Appendix A: A review of studies on the ergogenic effects of caffeine on various physical and 
psychological parameters. 

 
Many randomized controlled trials (RCTs) have been conducted over recent decades to determine 
the effect of caffeine on several aspects exercise. Caffeine has been demonstrated to be an effective 
ergogenic aid in various settings. The results of recent and relevant systematic reviews and 
corresponding authority opinions on the outcome of caffeine use in sport: endurance performance 
and capacity, ratings of perceived exertion/effort, anaerobic/sprint, and muscle strength 
performance, are provided below. 

Effects of caffeine on mental performance/energy (cognition, alertness, reinvigoration, feelings of 
energy); thermogenesis and metabolism; and hydration status are also discussed. 

 
Systematic reviews on endurance performance & capacity 

 
Southward et al. (2018) performed a systematic review and meta-analysis on the effects of caffeine 
on sports performance .The authors applied the Preferred Method Items for Systematic Reviews and 
Meta-Analysis statement format as suggested by PRISMA (Moher et al., 2015). Quality of the 
included studies was assessed using the Physiotherapy Evidence Database Scale (PEDro), a method 
that is shown to be an acceptable method of reliably assessing the internal validity of RCTs . 

The authors included studies that assessed the effect of at least 3 mg caffeine per kg bodyweight 
(bw) in adults (men and women) on time needed to complete a time-trial (of >5 min) or power 
output during a time-trial. Only studies that provided caffeine prior to exercise in one acute dose via 
either a capsule or a tablet, had included an equal looking/tasting placebo, and did not provide any 
other substances simultaneously were selected. The authors did not indicate if included RCTs 
required caffeine abstinence by participants before recruitment. The analysis included 44 
publications presenting 57 clinical trials, involving 1001 participants; results were presented as mean 
± standard deviation (SD) or as mean Effect Size (ES) ± 95% Confidence Interval (CI) where 
appropriate. 

The average caffeine dose used in the studies was 5±1.3 mg/kg bw (mean) and was provided 30-150 
min prior to the performance test (72% provided caffeine 60 min prior to the time-trial). The mean 
total exercise duration was 56.0±43.3 min, with a mean pre-load test of 55.8±40.6 min and a mean 
time-trial duration of 34.7±27.3 min. It was concluded that caffeine had a small but evident effect on 
endurance performance when provided in moderate doses. On average, taking 3-6 mg/kg bw 
caffeine prior to exercise reduced time-trial completion time by 2.26±2.60% (ES: 0.28, 95% CI: ±0.12, 
p<0.0001, I2 (statistic for heterogeneity, <25% is considered as low): 0%,) and increased power- 
output in a time-trial by 2.92±2.18% (ES: 0.22, 95% CI: ±0.15, p<0.004, I2:0%). 
The authors highlight that not all studies showed an effect, suggesting that the effect may differ 
between individuals and may depend on several internal and external factors, including smoking 
habits, gender, age and genetic polymorphism. 

The above findings were confirmed in a systematic review of RCTs, in which Shen et al. (2019) 
assessed the effect of caffeine intake on endurance performance in athletic events, such as time- 
trials. The authors only included peer-reviewed English publications which described double-blind 
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RCTs that assessed the effect of caffeine intake in adults on sports performance via a time-trial 
setting at maximal effort (time to complete a certain workload or measuring workload completed in 
a certain time). Only studies that performed testing with a time-trial of >5 min, provided caffeine 
orally and where the effects of caffeine could be isolated were considered. The authors did not set 
criteria for habitual caffeine levels or caffeine withdrawal. Study quality was assessed using the 
PEDro assessment tool. 

The authors determined the Cohen’s d (standardized mean difference (SMD), between the caffeine 
and placebo groups for athletic performance. Covariances that were assessed were duration and 
type of the event/time-trial, age, gender, VO2 max (training status), caffeine dose, and timing of 
caffeine intake. The authors included 40 publications in total, including 56 unique comparison 
groups. The mean dose of caffeine administered was 5.0±2.0 mg/kg and it was, on average, 
administered 65.5±25.0 min prior to the athletic event. The PEDro assessment revealed that the 
studies were of excellent methodological quality (score was 9.5±1.0 out of 10). 52 of the 56 
comparison groups showed an effect due to caffeine; only 4 did not. The average percent of 
difference for all 56 groups was 2.9±2.7% (mean±SD). Pooled results showed a significant effect of 
caffeine on sports performance; Cohen’s d was 0.33 (95% CI: ±0.12; I2 = 0%, p=1.000 indicating low 
heterogeneity). 

The analysis did not identify a significant influence of the following covariates on the effect: type of 
the time-trial, age, gender, VO2 max, caffeine dose, and timing of caffeine intake. However, the 
covariate “duration of athletic event” was significantly associated with Cohen’s d (Relative Risk: 
0.005, 95% CI: ±0.004; p=0.024). For a 30 min increase in duration of the athletic event, Cohen’s d 
increased by 0.150. The authors concluded that the size of the effect increased along with the 
increasing duration of the time trial event. They stated that endurance athletes in particular may 
benefit from caffeine for performance enhancement. 

 
Diaz-Lara et al. (2022). performed a systematic review and meta-analysis on the effects of acute 
caffeine intake on different performance variables in combat sports athletes. The authors followed 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The 
Cochrane Risk of Bias tool for randomized clinical studies was used and the level of quality for the 
selected studies was assessed following the Cochrane Collaboration Guidelines. 

A total of 25 studies were included in the review (301 participants - 267 men, 34 women), with acute 
caffeine doses ranging from ~2.7 mg/kg to 10 mg/kg. Most studies used doses of 5 or 6 mg/kg. All 
included studies had blinded and cross-over experimental designs and the authors also conducted a 
risk of bias analysis. The meta-analysis revealed that, for nonspecific outcomes, there was a 
significant ergogenic effect of caffeine on vertical jump height (SMD: 0.38; 95% CI: 0.04, 0.71; p = 
0.03) and reaction time (SMD: −0.98, 95%CI: −1.46, −0.50; p < 0.001). For outcomes specific to 
combat sports, there was a significant increase in the number of throws with caffeine in the Special 
Judo Fitness Test (SMD: 0.62; 95% CI: 0.14, 1.09; p = 0.01). 

Caffeine ingestion increased the number of offensive actions during combat (SMD: 0.40; 95% CI: 
0.06, 0.74; p = 0.02) and the duration of offensive actions during combat (SMD: 0.58; 95% CI: 0.21, 
0.96; p = 0.002). Caffeine ingestion also increased post-exercise blood lactate concentration after 
bout 1 (SMD: 1.35) bout 2 (SMD: 1.43) and bout 3 (SMD: 1.98). 
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The authors summarised that acute caffeine ingestion was ergogenic for various non-combat-specific 
and combat-specific performance outcomes and suggested athletes competing in combat sports may 
consider supplementing with caffeine for an acute increase in exercise performance. 

In a recent publication, Wang et al. (2022) performed a systematic review and meta-analysis of the 
existing literature on the effects of caffeine intake on endurance running performance. Studies 
included crossover experimental trials in which the ingestion of caffeine was compared to a placebo 
situation in a single or double-blind randomized manner. The effect of caffeine on endurance 
running was measured by time to exhaustion, or time trials. The authors assessed the 
methodological quality of each study using Cochrane's risk-of-bias (RoB 2) tool. 

A subsequent meta-analysis was performed using the random effects model to calculate the 
standardized mean difference (SMD) estimated by Hedges’ g and 95% confidence intervals (CI). A 
total of 21 RCTs were included in the analysis, with caffeine doses ranging between 3 and 9 mg/kg. In 
the 21 studies included in this systematic review, there were a total sample of 254 participants (220 
men, 19 women and 15 participants with no information about gender; 167 were categorized as 
recreational and 87 as trained runners.). The assignation of each study’s sample to the subgroup of 
trained vs. recreational runners was based on the participants’ characteristics reported in the study. 
The participants were included in the subgroup of recreational runners if the sample was described 
as “amateur” or “recreational”; or in the subgroup of trained runners when the sample was 
described as “elite or sub-elite”, “varsity”, “competitive” or “well-trained”. 

The meta-analysis revealed that the time to exhaustion in running tests was improved with caffeine 
(g = 0.392; 95% CI = 0.214 to 0.571; p < 0.001, magnitude = medium). Subgroup analysis of training 
status revealed that caffeine was ergogenic for time to exhaustion trials in both recreational runners 
(g = 0.469; 95% CI = 0.185 to 0.754; p = 0.001, magnitude = medium) and trained runners (g = 0.344; 
95% CI = 0.122 to 0.566; p = 0.002, magnitude = medium). The meta-analysis also showed that the 
time to complete endurance running time trials was reduced with caffeine in comparison to placebo 
(g = −0.101; 95% CI = −0.190 to −0.012, p = 0.026, magnitude = small). The subgroup analysis 
indicated that caffeine failed to improve endurance running performance in time trials in both 
trained runners (g = −0.140; 95% CI = −0.295 to 0.014, p = 0.075) and recreational runners (g = 
−0.082; 95% CI = −0.190 to 0.027, p = 0.141). The subgroup analysis of distance also showed that 
caffeine was not ergogenic in middle-distance or long-distance time trials. 

The authors summarised that caffeine intake showed a meaningful ergogenic effect in increasing the 
time to exhaustion in running trials and improving performance in running time trials and therefore, 
may have utility as an ergogenic aid for endurance running events. 

 
Authority opinion on endurance performance & capacity 

In 2011, the European Food Safety Authority (EFSA) assessed the efficacy of caffeine on both 
endurance performance and capacity. An effect on endurance performance was assessed on the 
basis of 1 systematic review and meta-analysis and 3 RCTs that were not included in the meta- 
analysis (Berglund & Hemmingsson, 1982; Bridge & Jones, 2006; Doherty & Smith, 2004; Kovacs, 
Stegen, & Brouns, 1998). The meta-analysis included 40 publications evaluating 76 outcomes. For the 
effects on endurance performance, EFSA evaluated 5 studies (with 5 outcome measures) addressed 
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in this meta-analysis applying a non-time-limiting protocol. Together these showed a statistically 
significant effect of caffeine consumption on endurance performance (ES:0.28±0.160, 95% CI: ±0.20). 

In the assessed meta-analysis, subjects were low to moderate caffeine users; caffeine was 
withdrawn 24-48 hours before testing, and dose ranged from 4-6 mg/kg bw, administered 60-150 
minutes (min) before the exercise testing. The RCTs assessed caffeine doses of 2.11 to 6 mg/kg after 
a 12-48 hrs period of caffeine withdrawal. Results of these RCTs assessed by EFSA were in line with 
the results from the meta-analysis; they all showed significant improvements in endurance 
performance compared to the placebo treatment (Berglund & Hemmingsson, 1982; Bridge & Jones, 
2006; Kovacs et al., 1998). EFSA concluded that caffeine can increase endurance performance at 
doses of at least 3 mg/kg bw administered at least 60 min prior to exercise, and after at least 24 
hours of caffeine withdrawal in habitual caffeine consumers (EFSA, 2011a). 

EFSA also assessed the evidence for an effect on endurance capacity on the basis of the same meta- 
analysis and 2 RCTs that were not included in the meta-analysis (Costill, Dalsky, & Fink, 1978; 
Doherty & Smith, 2004; Jackman, Wendling, Friars, & Graham, 1996). For effects on endurance 
capacity, 34 outcome measures were evaluated in the meta-analysis, applying a time-limiting 
protocol resulting in a statistically significant effect of caffeine consumption on endurance capacity 
(ES=0.68±0.42, 95% CI ±0.15). 

In these studies, subjects were low to moderate caffeine users and caffeine was withdrawn 12-96 
hours before testing, with doses ranging from 3 to 13 mg/kg (mostly between 5 and 6 mg/kg bw), 
administered between 60-360 min (mostly up to 120 min) prior to exercise testing. The results of the 
additional RCTs assessed by EFSA were in line with the results from the meta-analysis (Costill et al., 
1978; Jackman et al., 1996). EFSA concluded that caffeine can increase endurance capacity at doses 
of at least 3 mg/kg bw administered at least 60 min prior to exercise, and after at least 12 hours of 
caffeine withdrawal in habitual caffeine consumers (EFSA, 2011a). 

The latest position of The International Society of Sports Nutrition (ISSN) (2021) states that caffeine 
has consistently been shown to improve exercise performance by 2-4% when consumed in doses 3-6 
mg/kg bw. Some publications were cited in this position statement that assessed a lower dose of 
caffeine (2 mg/kg) (Candow, Kleisinger, Grenier, & Dorsch, 2009; Jenkins, Trilk, Singhal, O’Connor, & 
Cureton, 2008; Share, Sanders, & Kemp, 2009). However, these did not consistently show an effect 
on endurance performance or capacity. The ISSN concluded that the minimal effective dose may be 
as low as 2 mg/kg but this remains unclear. 

The most common timing of caffeine consumption is 60 min pre-exercise. The authors of the paper 
highlight that the exact ergogenic effect reported and optimal timing is subject to inter-individual 
variability mainly caused by factors like methodology (dose applied, duration of exercise, timing of 
ingestion, form of caffeine), genetic variation related to caffeine metabolism and habitual caffeine 
intake. 

The position statement highlights that the beneficial effects of caffeine on sports performance, 
including endurance performance, are not greatly influenced by gender, age, training status, altitude, 

 

 
1 This lowest dose of 2.1 mg/kg was provided in two parts; 1.2 mg/kg prior to a one-hour time-trial and 0.9 
mg/kg during the time-trial. 
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or ambient temperature. The position statement does not explicitly mention the effect on endurance 
capacity separately (Guest et al., 2021). 

In their latest consensus statement on dietary supplements for the high-performance athlete, the 
International Olympic Committee (IOC) (2018) states that consuming 3-6 mg caffeine per kg bw 
about 60 min prior to exercise improves endurance capacity; e.g., time to fatigue and endurance- 
based time-trial activities. In addition, they state that low doses of caffeine (<3 mg/kg bw, 100-300 
mg) consumed together with a carbohydrate source, both before and during exercise (after 15-80 
min of activity) may enhance cycling time-trial performance. They recommend individuals test 
several supplementation protocols, such as dosage, timing of intake and caffeine withdrawal to 
determine best individual practices (Maughan et al., 2018). 

Conclusions pertaining to endurance performance & capacity 

The systematic reviews and authority opinions state that caffeine can increase sports performance 
and capacity. To date, a minimal effective dose has not been established, but consuming 3-6 mg per 
kg bw has consistently demonstrated an improvement in exercise performance and capacity. The 
optimal timing for consumption appears to be approximately 60 min prior to exercise. The exact 
effect of caffeine may depend on several internal and external factors, including caffeine abstinence. 

 
Systematic reviews on rated perceived exertion/effort 

Two relevant systematic reviews on rated perceived exertion/effort have been identified (Doherty & 
Smith, 2005; Ferreira, da Silva, & Bueno, 2020), one of which will be discussed in the “Authority 
opinions” section. The other, conducted by Ferreira et al. (2020) was on the effect of caffeine 
supplementation on muscle endurance, maximum strength, and ratings of perceived exertion (RPE) 
in individuals undergoing strength training with external resistance exercises. The authors included 
double-blind RCTs with parallel or crossover design (published in either English, Spanish or 
Portuguese), that evaluated the effect of caffeine supplementation and addressed either a muscle 
endurance test, a maximum strength test, or RPE in healthy adults submitted to strength training 
with external resistance exercises. Only studies that provided caffeine as a capsule or diluted in 
water were considered. 

The risk of bias was assessed at primary outcome level according to the recommendations in the 
Cochrane handbook (Higgins et al., 2019). The authors identified 19 double-blind RCTs for their 
analysis that looked at a comparable outcome measure i.e., bench and leg press exercises. All studies 
appeared to have a low risk of bias. The subjects in these studies were categorized as light to heavy 
caffeine users, although criteria were different in each study. Additionally, caffeine abstinence and 
reporting thereof, varied between the studies assessed. 

The provided caffeine dosage varied between 3 and 11 mg/kg bw (timing of consumption not 
reported), but most studies provided 6 mg/kg bw. The authors assessed the weighted mean 
differences (WMD) for muscle strength performance outcomes; and standardised mean differences 
(SMD) for the RPE outcome between caffeine and placebo groups in each study using a random- 
effects model. In the bench press exercise, caffeine supplementation improved strength resistance 
repetitions, a measure for muscle endurance (WMD 0.87, 95% CI: ±0.54, p=0.001, 15 studies)and 
maximum strength (WMD 2.01 (95% CI: ±1.80 kg, p=0.02; 7 studies), but no effect was found in RPE 
(SMD -0.45, 95% CI: ±0.93, p=0.34, 7 studies). In the leg press exercise, no significant improvement 
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was observed in muscle endurance repetitions (WMD: 1.24, 95% CI: ±1.46, p=0.09, 8 studies), 
maximum strength (WMD 8.49, 95% CI: ±20.41 kg, p=0.415, 3 studies), or RPE (SMD -0.17, 95% CI: 
±1.45, p=0.812, 3 studies). The authors concluded that more research is needed to clarify the 
contradictions in its effects regarding lower-body exercises. 

 
Authority opinion rated perceived exertion/effort 

In 2011, EFSA assessed the evidence for an effect of caffeine on ratings of perceived exertion (RPE) 
on basis of another meta-analysis performed by Doherty & Smith (2005) and one RCT that was not 
included in the meta-analysis (Stuart et al., 2005). 

In the meta-analysis by Doherty & Smith (2005), 22 double-blind RCTs were assessed that studied 
the effects of caffeine ingestion on RPE during exercise. The authors found that caffeine compared to 
placebo significantly reduced RPE during exercise (in 20 out of the 22 studies) by 5.6 % (95% CI ±1.1), 
and that RPE could account for 29 % of the variance in the improved exercise performance (based on 
16 studies where changes in exercise performance were tested). The meta-analysis was comprised of 
studies between 1975 to 2004, representing over 200 subjects (74% men). The subjects included in 
the analysis were typically 20-35 years of age, physically active individuals to extremely well-trained 
elite athletes; both habitual caffeine users and non-users (half of the studies did not give information 
on caffeine use). 

The protocols varied, including work intensities in the range of 50-125% (mean 80%) of VO2 max. The 
caffeine doses ranged from 4-10 mg per kg bw (median 6 mg/kg bw) and were typically given 60 min 
before the start of the exercise test. The caffeine abstinence period varied from 12 to 240 hours 
(median 24 hours). The results of the other RCT assessed by EFSA, were in line with the results from 
the meta-analysis (Stuart et al., 2005). EFSA concluded that caffeine can reduce RPE during exercise 
when consumed at doses of at least 4 mg/kg bw administered at least 60 min prior to exercise, and 
after at least 12 hours of caffeine withdrawal in habitual caffeine consumers (EFSA, 2011a). 

Both the ISSN and the IOC state in their latest positions that there is evidence that indicates an 
association between caffeine and a reduction of RPE, effort and even muscle pain due, not particular 
dose or administration route is referred to (Guest et al., 2021; Maughan et al., 2018). Caffeine is 
seen rather as a possible mechanism to explain performance enhancement. 

The ISSN opinion is based on the effect of caffeine on RPE in several RCTs and on the meta-analyses 
by Doherty & Smith (2005), which has been discussed above (Astorino et al., 2012; Demura et al., 
2007; Duncan & Oxford, 2012a, 2012b; Green et al., 2017; Hadjicharalambous et al., 2006; Killen et 
al., 2013). The IOC refers to two (narrative) reviews (Burke & Peeling, 2018; Spriet, 2014). 

 

Conclusions pertaining to rated perceived exertion/effort 

Caffeine may decrease RPE/effort during exercise, positively affecting sports performance. 
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Systematic reviews on anaerobic/sprint performance 

Two relevant systematic reviews on anaerobic/sprint performance have been identified (Christensen 
et al., 2017; Doherty & Smith, 2004), one of which will be discussed in the “Authority opinions” 
section. The other, a systematic review conducted by Christensen et al. (2017), assessed the effect of 
caffeine intake on short-term endurance performance (45 sec to 8 min), including anaerobic/sprint 
performance. The effects of activities of this duration were assessed, as most of the Olympic 
competitions are completed within this time span. The authors included single and double-blind 
RCTs with cross-over design, which included healthy subjects and provided caffeine doses of >2 
mg/kg bw >30 min prior the performance test. The performance test had a closed end-point 
outcome measure i.e., a fixed duration or distance that was convertible to speed. The authors did 
not indicate if RCTs applied to caffeine abstinence. 

All outcome measures were converted to speed; in total 9 publications (and 12 trials) were identified 
that met the inclusion criteria. Study quality was assessed based on Cochrane Institute guidelines 
(Higgins et al., 2011) and the authors concluded that the included studies had a low risk of bias. The 
estimated combined ES of 0.41 (95% CI: ±0.26, p=0.002) demonstrated a faster exercise speed after 
ingesting caffeine compared to placebo in performance tests lasting 45 sec to 8 min. 

 
Authority opinion on anaerobic/sprint performance 

In 2011, EFSA assessed the evidence for an effect of caffeine intake on high-intensity short-term 
exercise performance on basis of the same meta-analysis and two RCTs that were not included in the 
meta-analysis (Doherty & Smith, 2004; Paton, Hopkins, & Vollebregt, 2001; Wiles, Coleman, 
Tegerdine, & Swaine, 2006). In their meta-analysis, Doherty & Smith (2004) included 40 publications 
evaluating 76 outcomes; of these, 22 outcome measures addressed short-term high-intensity 
exercise activities. In these studies, subjects were low to moderate caffeine users (in most studies 
usual caffeine intake was not reported), caffeine was withdrawn 24-168 hours before testing (24-72 
h in most studies), and the dose ranged from 3.5 to 9 mg/kg bw (5 to 7 mg/kg body weight in most 
studies),administered between 30 and 120 min (mostly between 60 and 120 min) before exercise 
testing. 

No significant effect of caffeine consumption on exercise performance was observed (ES=0.00±0.33, 
95 % CI ±0.02). One of the RCTs assessed by EFSA did report significant effect, but the other RCT did 
not. EFSA concluded that a cause and effect relationship could not be established (EFSA, 2011a). 

The latest ISSN position, states that caffeine may improve single and intermittent-sprint 
performance, but evidence related to repeated sprint performance appears inconsistent (Guest et 
al., 2021). In the studies that did show an effect, the dose of caffeine was 3-6 mg/kg bw and was 
provided 30-90 min before exercise. 

The latest IOC consensus statement states that consuming 3-6 mg/kg bw caffeine 50-60 min before 
short-term supramaximal and repeated sprint tasks results in performance gains of >3% for task 
completion time (Maughan et al., 2018). 



Complementary Medicines Australia: Submission to P1056. Not for open publication. 29 

 

 

Conclusions pertaining to anaerobic/sprint performance 

Consuming 3-6 mg caffeine per kg bw approximately 60 min prior to exercise may increase some types 
of anaerobic/sprint performance. 

 
Systematic reviews on muscle strength performance 

Polito et al. (2016) investigated the acute effects of caffeine intake on maximal strength and 
muscular strength endurance during isotonic resistance exercise. The authors included double-blind 
RCTs, published in either English or Portuguese, that had evaluated the effect of caffeine 
supplementation and addressed either a muscle endurance test (measured by maximum repetitions) 
or a maximum strength test (amount of weight lifted in a single repetition) in healthy adults 
performing isotonic resistance exercise. 

Only studies that did not provide any other substances simultaneously were considered. Quality of 
the included studies was assessed using the PEDro scale. The authors identified 17 publications 
which met the inclusion criteria, describing 42 trials related to muscular endurance and 5 trials 
related to muscular strength. The studies applied caffeine doses of 4.0-6.2 mg/kg bw provided 45-90 
min prior to exercise in the form of a liquid or capsule. The effect sizes were calculated as the 
standardized mean difference and meta-analysis were completed using a random-effects model. 

The study did not find a significant effect of caffeine on maximal strength (ES: 0.09, 95%CI: ±0.16, 
p=0.25, I2: 0%, indicating low heterogeneity), but a significant effect of caffeine on muscular 
endurance was observed (ES: 0.38, 95%CI: ±0.10, p<0.01, I2: 23.6%). For muscular endurance, 
dosage, form, size and location of muscle groups were related to the effect (p<0.01). It appeared 
that only the time of caffeine consumption significantly influenced muscle endurance effect size, 
with an improvement in muscular endurance only observed when caffeine is provided 60 min before 
exercise, compared to the intakes at 45 and 90 min (p=0.04). 

In the systematic review and meta-analysis conducted by Grgic & Pickering (2019), the effect of 
caffeine intake on isokinetic muscular strength was assessed. The authors summarised the research 
examining the effects of caffeine on maximal isokinetic strength and explored whether there was a 
muscle group or a velocity specific response to caffeine ingestion. Publications included peer- 
reviewed English publications that described double-blind RCTs, with cross-over design, and assessed 
the effect of caffeine intake in adults on isokinetic strength. Only studies that did not provide any 
other substances simultaneously were considered. Study quality was assessed using the PEDro scale 
and a random-effects meta-analysis of SMDs was done. The review included 10 publications that met 
the inclusion criteria. 

The total number of participants was 133 (men: 120, women: 13), mostly “young” participants (in 9 
of 10 studies, 1 study included “older adults”; though age was not specified. The caffeine doses 
ranged between 2 and 7 mg/kg bw and were administered 30-60 min prior to exercise (30 min pre- 
exercise in only 1 of the 10 studies). The PEDro assessment revealed that they were of good and 
excellent methodological quality (mean±SD: 9±1). The SMD for the effects of caffeine on strength 
was 0.16 (95%CI: ±0.10; p=0.003; I2: 5.3%, indicating low heterogeneity). The subgroup analysis for 
knee extensor isokinetic strength showed a significant difference between the caffeine and placebo 
conditions with SMD value of 0.19 (95%CI: ±0.13, p=0.004; I2: 6.1%). The subgroup analysis for the 
effects of caffeine on isokinetic strength of other, smaller muscle groups indicated no significant 
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difference (p=0.092) between the caffeine and placebo conditions. The subgroup analysis for knee 
extensor isokinetic strength at angular velocities of 60°s-1 and 180°s-1 showed a significant difference 
between the caffeine and placebo conditions; however, no significant effect (p=0.193) was found at 
an angular velocity of 30°s-1. 

The authors concluded that acute caffeine ingestion may significantly increase isokinetic strength 
and that the effects of caffeine on isokinetic muscular strength are predominantly manifested in 
knee extensor muscles and at greater angular velocities. 

In the systematic review by Ferreira et al. (2020) (described in the above paragraph - Systematic 
reviews on rated perceived exertion/effort) ,effects of caffeine supplementation on muscle 
endurance as measured by maximum repetitions (WMD 0.87, 95% CI: ±0.54, p=0.001) and maximum 
strength (WMD 2.01 (95% CI: ±1.80 kg, p=0.02) were found in individuals that performed bench 
press exercises (Ferreira et al., 2020). 

 
Authority opinion on muscle strength performance 

To our knowledge, EFSA did not assess the effects of caffeine on any outcome related to strength. 
However, the latest ISSN position states that, based on several meta-analysis, an effect on both 
muscle strength and endurance is likely, but that the evidence is not conclusive. In the studies that 
did show an effect the dose of caffeine was 3-6 mg/kg bw and was provided 30-90 min before 
exercise (Guest et al., 2021).The latest IOC consensus statement provides that consuming 3-6 mg/kg 
bw caffeine 50-60 min before anaerobic exercise activities of 1-2 min in duration results in increase 
mean and peak power output (Maughan et al., 2018). 

 

Conclusions related to muscle strength performance 

Consuming 3-6 mg caffeine per kg bw taken about 60 min prior to exercise, may increase muscle 
strength performance. 

 
Overarching systematic reviews 

Grgic et al. (2020) performed a systematic review of meta-analyses to summarise the effects of 
caffeine on various assets of sports performance. The authors included meta-analyses that examined 
the acute effects of caffeine ingestion in healthy subjects of all ages on any exercise-related 
outcome. Both peer-reviewed and conference papers published in English or other languages were 
considered. Meta-analyses that isolated the effect of caffeine were included. 

The methodological quality of the studies was assessed using the Assessing the Methodological 
Quality of Systematic Reviews 2 (AMSTAR 2) checklist (Shea et al., 2017), and categorized as high 
quality, moderate quality, or low quality . The quality of evidence was assessed using the modified 
Grading of Recommendations Assessment, Development and Evaluation (GRADE) principles. The 
authors calculated the 95% Prediction Interval (PI), which represents the range in which the effect 
size of a future study conducted on the topic will most likely lie. The authors identified 11 reviews 
that met the inclusion criteria, all of moderate or high methodological quality according to AMSTAR 
2. The effect on aerobic endurance was assessed, including muscle strength, muscle endurance, 
power, jumping performance and exercise speed. 
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Using GRADE criteria, the quality of evidence was categorized as moderate. the study demonstrated 
that caffeine ingestion improves exercise performance in a broad range of exercise tasks, but the 
direction for the effect of caffeine intake, being either positive or negative vs. placebo, is not 
consistent among the meta-analyses as shown by the 95% PI values. 

The effects of caffeine intake on muscle endurance, muscle strength, anaerobic power and aerobic 
endurance were substantiated by evidence with moderate- to-high quality. However, the meta- 
analyses assessing jumping performance and exercise speed were of moderate quality and 
presented evidence of very low or low quality. Effects may be greatest in aerobic endurance, as the 
effect size were larger as compared with anaerobic exercise types. In this review, the effect of 
caffeine habituation, dose, timing, training status and form of supplementation could not be 
assessed. 

 

Clinical Studies on effects on mental performance/energy (cognition, alertness, reinvigoration, 
feelings of energy) 

Cognitive tests used to assess vigilance and choice reaction time appear to be the optimal 
performance tests for the assessment of mental energy. Data demonstrates that caffeine may 
increase mental energy to provide a feeling of revitalisation, energy and alertness at doses as low as 
12.5 mg per serving (Smit & Rogers, 2000). 

Consuming 32-75 mg caffeine can increase reaction time, alertness, attention, vigilance2 and even 
mood (Christopher et al., 2005 , 2005; EFSA, 2011b; Einöther & Giesbrecht, 2013; Hameleers et al., 
2000; Haskell et al., 2005; Konishi et al., 2018; McLellan et al.2016; Smith, 2009; Smith, et al., 2005). 
Lieberman et al. (1987) administered single doses of caffeine (32, 64, 128 and 256 mg) to 20 healthy 
male subjects in a double-blind, placebo-controlled crossover design and observed that as little as 32 
mg caffeine significantly improved auditory vigilance and visual reaction time. 

Specifically, eight performance tests were administered: three vigilance tests (i.e., four choice visual 
reaction time, continuous performance task, and a modified version of the Wilkinson auditory 
vigilance test); three motor performance tests(i.e., the grooved pegboard, tapping test, and fine- 
finger movement task); and two other tasks(i.e., digit symbol substitution and simple auditory 
reaction time). All doses of caffeine were observed to improve performance on the Wilkinson 
vigilance test, and four-choice reaction time. Subjects detected significantly more signal tones with 
caffeine, compared to placebo, on the Wilkinson vigilance test, while the number of false alarms was 
not affected. The four-choice reaction time was significantly reduced by caffeine at all levels, and the 
numbers of commission and omission errors were not affected. Other performance tests were not 
significantly affected by caffeine. The results of this study also indicate that caffeine has a positive 
effect on alertness, even at a level as low as 32 mg (Lieberman et al., 1987). 

Smit & Rogers (200) investigated the effect of low doses of caffeine on cognitive performance, mood 
and thirst in low and high caffeine consumers. 23 participants, age 18 – 56 years, participated in this 
double-blind study, and designated as low (<100 mg) or high (>200 mg) caffeine users. Each 
participant received five treatments of caffeine (0, 12.5, 25, 50, and 100 mg) administered once per 
week in a counterbalanced order. After a practice session to generate data at baseline, subjects 

 
2 The ability to sustain performance on lengthy, boring or tedious tasks. 
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returned on five separate mornings for the individual test sessions. The test battery consisted of the 
following order of tasks: Rapid Visual Information Processing (RVIP) task (10 minutes), mood 
questionnaire, and Simple Reaction Time (SRT) task (20 minutes). The test battery was administered 
via computer. The SRT consisted of a stimulus which was presented in the middle of the computer 
screen for a maximum of 1000 milliseconds after a delay of 1, 3, 7, or 16 seconds, for a total of 160 
consecutive trials. Participants were required to press the space bar on the keyboard as quickly as 
possible after the stimulus appeared, and then again to move to the next trial; a self-paced task that 
lasted an average of 20 minutes. Mean reaction times for each block of 20 trials and number of 
missed targets were recorded for subsequent analysis. 

The RVIP is a relatively difficult and stressful task that places a high load on working memory. Single 
digits of 1 – 9 appeared in the middle of the computer screen in semi-random order. Participants 
were instructed to press the space bar as soon as they detected a sequence of three even or three 
odd numbers appearing on the screen. The stimulus duration was 600 milliseconds with no inter- 
stimulus interval, with eight target sequences per minute, for a total of 10 minutes. Scores were 
assessed for the number of correct hits for each minute, and reaction times for correct hits. 

The 13-item mood questionnaire was developed from the Profile of Mood States bipolar form, and 
the short form of the activation-deactivation adjective checklist; consisting of several measures of 
alertness and energizing effects, a measure for overall mood, and physical feelings of jitteriness, 
headache, and thirst; all assessed on a visual analog scale. 

Subjects performed the test battery at time zero then consumed the treatment followed by three 
rounds of the test battery, which took about 30 minutes each; with the mood questionnaire 
repeated after battery sessions two and three. The results revealed a significant overall treatment 
effect for reaction time, which was significantly faster at a caffeine intake as low as 12.5 mg (10 
millisecond improvement vs. placebo P<.004). The effects of caffeine were strongest during the 
second and third rounds of the test battery, which averaged approximately 45 minutes post- 
consumption, where caffeine acted to prevent the deterioration of performance which was observed 
with placebo treatment. It was noted that caffeine effects on reaction time were somewhat more 
reliable in the higher caffeine users (RVIP score improved 0.5 vs. placebo P<.05). 

In addition, the number of missed targets decreased with increasing caffeine dosage. For the RVIP 
task, caffeine improved performance for the higher caffeine users, with no effect on the low caffeine 
users. It is worth noting that all levels of caffeine improved performance to an almost equal extent. 
The enhanced performance was observed for battery sessions two and three, consistent with the 
SRT task results. The mood effects were limited to an increase in perceived energetic arousal at a 
caffeine dose of 100 mg, and an increase in boredom towards the end of testing in the placebo 
treatment, which was prevented by all doses of caffeine. 

Finally, caffeine increased thirst in a dose-dependent manner in the low caffeine users but did not 
have a consistent effect in the high caffeine users. Based on the findings of this study, the authors 
concluded that caffeine had a positive effect on cognition, performance, mood (primarily energetic 
arousal), and thirst, consistent with findings of previous studies on caffeine. The most remarkable 
finding of this study was the significant effect of 12.5 mg of caffeine on cognitive performance, as 
assessed by two contrasting tasks. This amount of caffeine was equivalent to about half the amount 
of caffeine in one serving of cola, a quarter of the amount in one cup of tea, and less than a quarter 
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of the amount in one serving of coffee. In addition, the amount of 12.5 mg of caffeine was similar to 
the 100 mg amount with respect to the cognitive tasks and was also associated with less boredom 
about an hour after ingestion. 

This study provides support for improved reaction time with consumption of a low dose of 12.5 mg 
of caffeine, which can be considered as a measurement of alertness, and improved cognitive 
performance benefits for individuals who commonly consume > 100 mg of caffeine (Smit & Rogers, 
2000). 

Smith et al. (1999) conducted a double-blind placebo-controlled study that examined the effects of 
40 mg of caffeine given in different drinks (coffee, water, tea, cola) on mood and performance in 144 
subjects. Following a baseline session measuring mood and different aspects of performance, the 
volunteers were given the drink and then carried out another test session 1 h later. The results 
showed that those given caffeine reported greater alertness at the end of the test session and 
improved performance on choice reaction time tasks involving focused attention and categoric 
search; a semantic memory task and a delayed recognition memory task. 

The effect of the caffeine was not modified by the nature of the drink in which it was given. Overall, 
these results show that a dose of caffeine typical of the level found in commercial products can 
improve alertness and performance efficiency Smith et al. (1999). Noting that there is little evidence 
concerning the effects of caffeine in doses typically found in a cup of tea, Durlach (1998) investigated 
the effects of 60 mg of caffeine on cognitive performance using a double-blind, crossover controlled 
trial with eight healthy male subjects. The results of the study showed that the effect on reaction 
time and alertness can be detected with a dose as low as 60 mg caffeine and can be observed within 
minutes of consumption. Specific tests included pattern and spatial recognition, delayed match to 
sample, paired associated learning, simple and choice reaction time, match to sample visual search, 
and rapid visual information processing. 

Significant effects of caffeine were observed in relation to reduced reaction time for several 
exercises, including correct responses, response time for pattern recognition test, and delayed 
match to sample test, while reaction latency was reduced by caffeine in the match to sample visual 
test. For reference, reaction latency was defined as the time from stimulus onset to the release of 
the response pad to screen contact, when subjects depressed a response pad when not responding, 
and touched the screen to indicate a matching sample. The authors concluded that there were 
significant effects of caffeine on response speed, with no effect on accuracy. It was noted that these 
findings are consistent with the literature, which suggests that caffeine most reliably affects 
alertness and speed of response, with less of an effect on memory, problem solving, or reasoning 
(Durlach, 1998). 

In summary, consuming 32-75 mg caffeine can increase reaction time, alertness, attention, vigilance 
and even mood (Christopher et al., 2005; EFSA, 2011b; Einöther & Giesbrecht, 2013; Hameleers et 
al., 2000; Haskell et al., 2005; Konishi et al., 2018; McLellan et al., 2016; Andrew Smith, 2009; Smith 
et al., 2005). 
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Clinical studies on mental performance/energy (cognition, alertness, reinvigoration, feelings of 
energy) 

Consuming 32-75 mg caffeine can increase reaction time, alertness, attention, vigilance3 and even 
mood (Christopher et al., 2005; EFSA, 2011b; Einöther & Giesbrecht, 2013; Hameleers et al., 2000; 
Haskell et al., 2005; Konishi et al., 2018; McLellan et al., 2016; Smith, 2009; Smith et al., 2005). 

Lieberman et al. (1987) administered single doses of caffeine (32, 64, 128 and 256 mg) to 20 healthy 
male subjects in a double-blind, placebo-controlled crossover design and observed that as little as 32 
mg caffeine significantly improved auditory vigilance and visual reaction time. Specifically, eight 
performance tests were administered: three tests of vigilance (i.e., four choice visual reaction time, 
continuous performance task, and a modified version of the Wilkinson auditory vigilance test); three 
motor performance tests (i.e., the grooved pegboard, tapping test, and fine-finger movement task); 
and two other tasks (i.e., digit symbol substitution and simple auditory reaction time). It was 
observed that all doses of caffeine improved performance on the Wilkinson vigilance test, and four- 
choice reaction time. Subjects detected significantly more signal tones with caffeine compared to 
placebo on the Wilkinson vigilance test, while the number of false alarms was not affected. The four- 
choice reaction time was significantly reduced by caffeine at all levels, and the numbers of 
commission and omission errors were not affected. Other performance tests were not significantly 
affected by caffeine. The results of this study also indicate that caffeine has a positive effect on 
alertness, even at a level as low as 32 mg (Lieberman et al., 1987). 

Smit & Rogers (2000) investigated the effect of low doses of caffeine on cognitive performance, 
mood, and thirst in low and high caffeine consumers. This double-blind, within subjects study was 
conducted in 23 participants age 18 – 56 years, who were designated as low (<100 mg) or high (>200 
mg) caffeine users.  Each participant received five treatments (0, 12.5, 25, 50, and 100 mg of 
caffeine) administered once per week in a counterbalanced order. After a practice session to 
generate data at baseline, subjects returned on five separate mornings for the individual test 
sessions. The test battery consisted of the following order of tasks: Rapid Visual Information 
Processing (RVIP) task (10 minutes), mood questionnaire, and Simple Reaction Time (SRT) task (20 
minutes). The test battery was administered via computer. The SRT consisted of a stimulus which 
was presented in the middle of the computer screen for a maximum of 1000 milliseconds after a 
delay of 1, 3, 7, or 16 seconds, for a total of 160 consecutive trials. This was a self-paced task that 
lasted an average of 20 minutes where participants were required to press the space bar on the 
keyboard as quickly as possible after the stimulus appeared, and then again to move to the next trial. 

Mean reaction times for each block of 20 trials and number of missed targets were recorded for 
subsequent analysis. The RVIP is a relatively difficult and stressful task that places a high load on 
working memory. Single digits of 1 – 9 appeared in the middle of the computer screen in semi- 
random order. Participants were instructed to press the space bar as soon as they detected a 
sequence of three even or three odd numbers appearing on the screen. The stimulus duration was 
600 milliseconds with no inter-stimulus interval, with eight target sequences per minute, for a total 
of 10 minutes. Scores were assessed for the number of correct hits for each minute, and reaction 
times for correct hits. The 13-item mood questionnaire was developed from the Profile of Mood 
States bipolar form, and the short form of the activation-deactivation adjective checklist. It consisted 

 

3 The ability to sustain performance on lengthy, boring or tedious tasks. 
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of several measures of alertness and energizing effects, a measure for overall mood, and physical 
feelings of jitteriness, headache, and thirst; all assessed on a visual analog scale. 

Subjects performed the test battery at time zero, consumed the treatment, followed by three rounds 
of the test battery, which took about 30 minutes each; with the mood questionnaire repeated after 
battery sessions two and three. The results revealed a significant overall treatment effect for 
reaction time, which was significantly faster at a caffeine intake as low as 12.5 mg (10 millisecond 
improvement vs. placebo P<.004).  The effects of caffeine were strongest during the second and 
third rounds of the test battery, which averaged approximately 45 minutes post-consumption, where 
caffeine acted to prevent the deterioration of performance which was observed with placebo 
treatment. It was noted that caffeine effects on reaction time were somewhat more reliable in the 
higher caffeine users (RVIP score improved 0.5 vs. placebo P<.05). In addition, the number of missed 
targets decreased with increasing caffeine dosage. For the RVIP task, caffeine improved performance 
for the higher caffeine users, with no effect on the low caffeine users. It is worth noting that all levels 
of caffeine improved performance to an almost equal extent. The enhanced performance was 
observed for battery sessions two and three, consistent with the SRT task results. The mood effects 
were limited to an increase in perceived energetic arousal at a caffeine dose of 100 mg, and an 
increase in boredom towards the end of testing in the placebo treatment, which was prevented by 
all doses of caffeine. 

Finally, caffeine increased thirst in a dose-dependent manner in the low caffeine users but did not 
have a consistent effect in the high caffeine users. Based on the findings of this study, the authors 
concluded that caffeine had a positive effect on cognition, performance, mood (primarily energetic 
arousal), and thirst, which are consistent with findings of previous studies on caffeine. The most 
remarkable finding of this study was the significant effect of 12.5 mg of caffeine on cognitive 
performance, as assessed by two contrasting tasks. This amount of caffeine is equivalent to about 
half the amount of caffeine in a serving of cola, a quarter of the amount in a cup of tea, and less than 
a quarter of the amount in a serving of coffee. In addition, the amount of 12.5 mg of caffeine was 
similar to the 100 mg amount with respect to the cognitive tasks and was also associated with less 
boredom about an hour after ingestion. 

This study provides support for improved reaction time with consumption of a low dose of 12.5 mg 
of caffeine, which can be considered as a measurement of alertness, and improved cognitive 
performance benefits for individuals who commonly consume > 100 mg of caffeine (Smit & Rogers, 
2000). 

In a double-blind placebo-controlled study, Smith et al. (1999) examined the effects of 40 mg of 
caffeine given in different drinks (coffee, water, tea, cola) on mood and performance in 144 subjects. 
Following a baseline session measuring mood and different aspects of performance, the volunteers 
were given their drink and then carried out another test session 1 hour later. The results 
demonstrated that those given caffeine reported greater alertness at the end of the test session, as 
well as improved performance on choice reaction time tasks involving focused attention and 
categoric search, a semantic memory task and a delayed recognition memory task. The effect of the 
caffeine was not modified by the nature of the drink in which it was given. Overall these results show 
that a dose of caffeine typical of the level found in commercial products can improve alertness and 
performance efficiency (Smith et al., 1999). 
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Noting that there is little evidence concerning the effects of caffeine in doses typically found in a cup 
of tea, Durlach (1998) investigated the effects of 60 mg of caffeine on cognitive performance using a 
double-blind, crossover controlled trial with eight healthy male subjects. The results of the study 
showed that the effect on reaction time and alertness can be detected with a dose as low as 60 mg 
caffeine and can be observed within minutes of consumption. 

Testing was conducted with a microcomputer equipped with an integrated touch sensitive screen, 
using tests modified from the CANTAB Neuropsychological Test Batteries, version 1. Specific tests 
included pattern and spatial recognition, delayed match to sample, paired associated learning, 
simple and choice reaction time, match to sample visual search, and rapid visual information 
processing. Significant effects of caffeine were observed in relation to reduced reaction time for 
several exercises, including correct responses, response time for pattern recognition test, and 
delayed match to sample test, while reaction latency was reduced by caffeine in the match to sample 
visual test. For reference, reaction latency was defined as the time from stimulus onset to the 
release of the response pad to screen contact, when subjects depressed a response pad when not 
responding, and touched the screen to indicate a matching sample. 

The authors concluded that significant effects of caffeine on response speed were observed, with no 
effect on accuracy, and commented that these findings are consistent with the literature, which 
suggests that caffeine most reliably affects alertness and speed of response, with less of an effect on 
memory, problem solving, or reasoning (Durlach, 1998). 

In summary, consuming 32-75 mg caffeine can increase reaction time, alertness, attention, vigilance 
and even mood (Christopher et al., 2005; EFSA, 2011b; Einöther & Giesbrecht, 2013; Hameleers et 
al., 2000; Haskell et al., 2005; Konishi et al., 2018; McLellan et al., 2016; Smith, 2009; Smith et al., 
2005). 

 

Effects on thermogenesis and metabolism 

Astrup et al. (1990) conducted a double-blind, placebo-controlled clinical study in six normal weight, 
healthy subjects with moderate habitual caffeine consumption of 1 - 2 cups of coffee per day, or the 
equivalent from other caffeine-containing foods. This study investigated the effect of placebo and 
100, 200 or 400 mg single doses of caffeine on several physiological parameters, including energy 
expenditure. It was reported that energy expenditure and thermogenesis were increased even at the 
lowest dose of 100 mg of caffeine (Astrup et al., 1990). Specifically, the thermogenic response to 100 
mg of caffeine corresponded to a minimum of 9.2 kcal/hour and had not returned to baseline at the 
final measurement 3 hours post consumption. The authors concluded that the results confirmed 
previous reports of a thermogenic response to caffeine even in subjects with a moderate daily 
caffeine intake. 

Following the Astrup et al. (1990) dose response study, Belza, Toubro & Astrup (2009) designed a 
four-way crossover, randomized, placebo-controlled, double-blind study that evaluated the effect of 
a relatively low dose of 50 mg of caffeine. The primary aim of the study was to examine individual 
effects of tyrosine, green tea extract (25% catechins), or caffeine on thermogenesis, subjective 
appetite sensations, and ad libitum energy intake. This study was conducted with twelve healthy, 
normal weight men (Belza et al., 2009). In this study, subjects received either 500 mg of green tea 
extract (containing 125 mg of catechins), 400 mg of tyrosine, 50 mg of caffeine, or placebo, 
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separated by a > 3 day washout. Subjects were instructed not to change their usual dietary and 
beverage habits; including intake of coffee, tea, spices; or level of physical activity, smoking habits, or 
use of medication throughout the study. 

There were no significant differences observed for appetite sensations, nor the ad libitum energy 
intake four hours post-supplementation with tyrosine, green tea extract, caffeine, or placebo. 
However, a 6% increase in thermogenesis was observed over a four hour period after consumption 
of 50 mg of caffeine. The authors acknowledge that most studies have investigated an acute dose of 
100 – 400 mg of caffeine, and report a 3 – 16% increase in thermogenesis compared to control. 
While the amount of 50 mg of caffeine used in this study is less than the amount typically studied, 
the evidence from this study aligns with the overall findings of increased thermogenesis in relation to 
caffeine consumption in healthy individuals. 

In summary, 50-75 mg of caffeine has been shown to increase thermogenesis (Astrup et al., 1990; 
Belza, Toubro & Astrup, 2009; Hursel et al., 2011). These cognitive and thermogenic effects have 
been assessed in individuals at rest. However, similar effects in exercising individuals cannot be 
excluded. 

 
Effects on hydration status 

A number of studies have assessed the potential for caffeine to act as a diuretic and therefore, 
negatively impact hydration status A systematic review and meta-analysis on the diuretic effects of 
caffeine, conducted by Zhang et al. ( 2015) was identified as the most recent study. The authors 
included full-text English publications that reported the effect of caffeine and caffeine-containing 
beverages on hydration status via urine output volume in subjects at rest and during exercise. 

Quality of the included studies was assessed using the PEDro scale; the search resulted in 16 
publications and 28 usable investigations (379 participants in total) that met the inclusion criteria. 
Heterogeneity was assessed using a random-effects model. The PEDro quality scores ranged from 7- 
11. The meta-analysis found a median caffeine dose of 300 mg. The overall ES was 0.29 (95% CI: 
±0.18, p<0.001) in subjects at rest and during exercise. This corresponded to an increase in urine 
output of 109±195ml or 16.0±19.2% (mean±SD) in subjects consuming caffeine vs. no-caffeine. 
However, subgroup analysis showed that exercise was a strong moderator (active ES: 0.10, 95% CI: 
±0.17, p=0.248 vs. resting ES: 0.54, 95% CI: ±0.32, p=0.001, Cochran’s Q, p=0.019). 

This meta-analysis demonstrated the diuretic effect due to caffeine intake is small and that exercise 
negates the diuretic effect. ISSN and EFSA also reviewed the evidence regarding the hypothetical 
dehydrating effect of caffeine during exercise and concluded that the diuretic effect is small for the 
amounts that increase sports performance, and unlikely to impact hydration status (EFSA, 2015; 
Goldstein et al., 2010; Guest et al., 2021). 
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