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Q61: Which of the following sources of caffeine do you consume? Select all that apply. 
(Of those who consume caffeine, n=950) 

0% 20% 40% 60% 80%

  Coffee

  Soft drinks

  Tea

  Energy drinks

  Caffeine-containing treats

  Caffeine-containing dairy

  Caffeine-containing energy/breakfast bars

  Caffeine-containing candies or chewing gum

  Dietary supplements

  Caffeine pills and/or supplements

  Other 0% 20% 40% 60%

Consume Caffeine 1 way

Consume Caffeine 2 ways

Consume Caffeine 3 ways

Consume Caffeine 4+ ways

Not surprisingly, coffee, soft drinks and tea are the most 
common sources of caffeine consumption
Those who haven’t followed a diet in the past year are more likely than those who have to report that they consume 
coffee and soda 

Type of Caffeine Product Consumed 67% of parents with children 

<18 who consume caffeine do so 
in multiple ways (vs. 55% without 
children) 
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0% 20% 40% 60%

When I wake up

With breakfast

Mid-morning

Mid-afternoon

With lunch

After dinner

With dinner

Before exercising

Avoid it, don't consume caffeine, consume as…

Other

Q60: When do you consume caffeine? Select all that apply. (Of those who consume caffeine, n=950)

Caffeine consumption differs by gender and for those with and 
without children
Men are much more likely than women to consume caffeine with a breakfast, 
while parents are much more likely to need caffeine with lunch

Caffeine Consumption Schedule

47% of consumers with less 

than a college degree who 
consume caffeine do so when 
they wake up (vs. 39% with a 
college degree)

47% of men who consume 

caffeine do so with breakfast (vs. 
34% of women)

26% of parents with children 

under 18 who consume caffeine 
do so with lunch (vs. 15% without 
children) 
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0% 10% 20% 30% 40% 50% 60%

Strongly agree

Somewhat agree

Somewhat disagree

Strongly disagree

2020 2019 2018 2017 2016 2015

0% 20% 40% 60%

True

False

Not sure

2020 2019 2018 2017 2016 2015

Q58 (TREND): Please indicate how much you agree or disagree with the following statement: I 
know the amount of caffeine that is in the foods and beverages I consume. (Of those who 
consume caffeine, n=950)
Q59 (TREND): Please indicate whether the following statement is true or false: Caffeine that is 
naturally occurring in foods and beverages has the same effect as caffeine that is added to 
foods and beverages. (n=1,011) 

No change 
from 2019

Over the past 5 years consumers have trended towards believing 
that naturally-occurring and added caffeine have the same effect 
Those in very good health are more likely than those in fair/poor health to believe that caffeine is naturally occurring

Knows the Amount of Caffeine in 
Foods and Beverages Consumed

True/False: Caffeine that is naturally occurring has 
the same effect as caffeine that is added

40% of 

men indicate 
that the 
statement is 
true (vs. 28% 
of women)
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www.foodinsight.org/caffeine



Caffeine Calculator

https://foodinsight.org/caffeine-and-you/calculator.html

Calculate how 

to know if 

you’re having 

too much.
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Topics for Today

• Qualifications, Transparency & Personal Perspective

• Caffeine Landscape 

• Need to know basics

• Key Learnings from our 2017 Systematic Review

• The value and challenges of “systematic review”

• General guidance on intake 

• Corroboration of authoritative body positions

• Common Misperceptions



Qualifications & Transparency

• PhD Toxicology

• Chaired the IFIC Caffeine committee – worked on “Everything you Need to Know…”

• Have been involved in studying caffeine or working on caffeine related issues since 

~2004

• Caffeine in cough drops in Europe

• Previously worked for Folgers Coffee

• Current Scientific Advisor to National Coffee Association

• Co-Author of one of the largest systematic reviews conducted on Caffeine safety

• Funding from ILSI and NCA

• Disclaimer- it takes an army of experts!  



Keep in mind:  “The dose makes the poison” ~ Paracelsus

This is true for 

all chemicals 

including water



Caffeine Landscape- personal perspective

• ~2004 – cough drop project

• Foreseeable misuse

• Energy Drinks emerged

• Pressure on caffeine labels

• ~2006 – started work on Folgers Coffee. What is a cup?

• Decaff- small market by comparison

• People want caffeine

• Billion cups of coffee/day

• ~2013 – IOM workshop

• congressional pressure

• This led to SR work – Health Canada old position foundational
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Caffeine overview-

basic facts that are important to know



Caffeine –1,3,7-trimethylxanthine
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Sources:

• Naturally occurring = plant insecticide (1984)

• Decaffeination by-product

• Synthesized – rare! 

Purity:

• Food Chemical Codex (Food Grade)

• USP (Drug Grade)

Consumer choices are Abundant!



Pharmacokinetics (how our bodies handle caffeine)
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• We absorb it = Rapidly and completely

• 95% within 45 minutes

• Peak plasma within 30-60 minutes

• Saliva or blood concentrations = common measures

• ~3mg/L following 2 cups of coffee in plasma

• Saliva is generally 65-85% of plasma

• Half life = 4-6 hours

• Follows first order linear PK up to 750 mg

• children PK similar to adults, if not more rapid 

• Unchanged caffeine = excreted in urine



Pharmacokinetics (how our bodies handle caffeine’ con’td)
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• Metabolism & Distribution

• Nearly all enters liver and is metabolized by P450 enzymes

• CYP1A2

• Enzyme activity does not generally vary with age but does with:

• Smoking (faster)

• Pregnancy (slower)

• Liver disease 

• Oral contraceptives

• Antibiotics

• Grapefruit juice

• Caffeine is rapidly distributed

• Crosses blood-brain barrier

• Crosses placental barrier

• Crosses blood testicular barrier



Pharmacodynamics (what caffeine does to our bodies)
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• Chemically similar to adenosine

• Adenosine blocks the arousal response

• Caffeine = Adenosine blocker = non-specific binding  to G-protein coupled adenosine 

receptors

• Heightens arousal response

• Receptors found throughout the body

• Cardiovascular

• Respiratory

• Renal

• Central nervous system



Emerging interest in genetic make-up

• Recent research focusing on how one’s own genetic makeup leads to inter-individual 

differences in how caffeine is handled by the body 
– SNPs and metabolism and/or consumption practices

– Example: ADORA2A gene polymorphisms as they relate to differences in anxiogenic responses

• Data are beginning to provide insight into potential epigenetic trends or effects 

• PK/PD considerations likely to be important in characterizing sensitive 

individuals/effects in the future



Very common question – how much is in…….
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Another common question – how much is safe?
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Highly cited reference :  

Nawrot et al., 2003

Authors from Health Canada

Review of multiple endpoints

Guidance on “safe” level

• 400 mg/day in healthy 

adults

• Format is easy to follow for 

the reader

• But……is it still relevant?
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Highlights of the Caffeine 

Systematic Review



Motivation for work in 2015

• Evaluate if work of Health Canada (that seemed to be pointed to the most) was still 

relevant

• Systematic Review Approach was emerging and would be an excellent approach

• Existing Government documents difficult to follow approach.



The Basics of a Systematic Review

• Establishing a Team and Protocol Development
– IOM Framework

– Scientific Team

– Protocol

• Study Screening and Selection
– Literature search and screen

• Individual Study Assessment
– Data extraction

• Body of Evidence Assessment
– Internal and External Validity

– Risk of Bias

– Synthesis



IOM Standard 2 Components (see IOM for detail) 
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Scientific Advisory Board
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Standard 2.1

• Assembled a SAB 

with expertise in 

each of the key 

Outcome areas.

• SAB provided 

guidance and 

feedback throughout 

the process to 

scientists from 

ToxStrategies



Background

“Systematic review of the potential adverse effects of 

caffeine consumption in healthy adults, pregnant women, 

adolescents, and children”

Goal: update work of Health Canada (Nawrot et al., 2003)

Approach: 

• Systematic review of literature

• (2001-2015) - 5 outcomes, 4 populations

• Weight of evidence conclusion incorporated findings of 

evidence base along with study quality, relevance, 

consistency, level of adversity, etc.



Analytic framework for the adverse effects of caffeine
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• PECO – based on updating Nawrot et al 2003:

– For [population], is caffeine intake above [dose], compared to intakes [dose] 
or less, associated with adverse effects on [endpoint]?

• For PK, the objective is to generally characterize the current understanding of caffeine 
PK and critically review anything that advances the science, particularly with respect 
differences/similarities between our populations of interest, characterization of PK in 
non-adult populations of interest, and characterization of PK (particularly fast/slow 
phenotypes) in context of our endpoints of interest.  (Contextual topic)



PECO Questions
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Population Healthy 

Adults

Pregnant

Women

Adolescents Children

Exposure > 400 

mg/day

> 300 

mg/day

> 2.5 

mg/kg-day

> 2.5 

mg/kg-day

Comparator ≤ 400 

mg/day

≤ 300 

mg/day

> 2.5 

mg/kg-day

≤ 2.5 

mg/kg-day

Outcome Acute, Reproductive and Developmental, 

Cardiovascular, Behavior, Bone and Calcium

For [population], is caffeine intake above [dose/exposure], compared to intakes 

[dose/comparator] or less, associated with adverse effects on [outcome]?



Study Screening and Selection – Inclusion/Exclusion
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• Quantitate estimate of caffeine exposure
– e.g. Coffee, tea, cola, energy drink, supplements

• Must have reported an effect for an Outcome of interest

• Healthy population only
– i.e. not having been hospitalized or diagnosed with disease and/or receiving medical treatment for a disease at 

the time of the study

• Caffeine must have been studied alone, or in one of the approved forms
– Mixtures with alcohol, nicotine, acetaminophen, or other drugs were excluded

• Available in English

• Case reports included for Acute only

• Must present original data; reviews excluded
– Exception: Meta-analyses were included



Process of Screening Approach
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Piloting
Conduct 
Search

Remove 
Duplicates

Initial Screen 
(Titles and 
Abstracts)

QA, 
Committee 

Review

Subject 
Expert 
Review

Full-Text 
Screen

Subject 
Expert 
Review

Included 
Studies



Literature Search and Screening (all Outcomes)
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Literature search dates:

January 1, 2001 and June 8, 2015

Common exclusions: 

Outcomes not relevant, unhealthy 

populations, co-exposures, benefit 

studies, in vitro 

Common exclusions: 

No quantitative estimate, 

unhealthy populations

Extensive 

Pilot 

Exercises 

(librarian, 

software, 

process etc.)



Standardized Caffeine Content (Supplemental Materials)
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Synthesize Evidence and Rate Confidence
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Summary by outcome

Outcome Count

Acute 44

Behavior 226

Bone and Calcium 40

Cardiovascular 282

Pharmacokinetics 76

Reproductive and 

Developmental

107

Total title/abstracts included: 739

For perspective, EFSA only carried 142 forward…
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How Results Were Visualized in Plots
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• Plots were created for each of the major endpoints 

within each outcome

• Effect levels were identified for each endpoint 

within a study (i.e. NOEL or LOEL)

–Most refined result presented 

– Levels were point estimates and ranges

• Color, size, and shape of symbols were used to 

capture information on the type of effect and risk of 

bias

Some unique endpoints 

were not included on the 

graphs (see AHRQ and 

supplemental material for 

more information)

Plots do not show all data 

from every study

(see AHRQ for more 

information)



Acute Tox
Death
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• The evidence demonstrates that in adolescents and adults, deaths occurred at doses 

mostly > 10g/day

• Most exposures were suicidal gestures 

• Adverse effects in non-fatal cases included nausea, vomiting, and cardiovascular 

events

• Exposure characterization was poor

• Very low to low level of confidence in the body of evidence



Bone: Risk of Fracture and Fall

• The majority, although not all, of the data demonstrate a lack of effects of caffeine 
consumption at levels both above (up to 760 mg/day) and below 400 mg/day
– Effects <400 were of low magnitude (RR = <1.2) or were reported in analyses that did not 

consistently control for calcium intake

• Moderate confidence: findings generally consistent, most studies controlled for 
calcium intake
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Overall Conclusions based on WOE
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Bone and Calcium

Behavior

Cardiovascular

Repro/Developmental

Acute

Are Nawrot et al. 

(2003) 

conclusions 

supported?



Overall Conclusions

Conclusion: intake levels remain acceptable 

• 400 mg/day in healthy adults

• 300 mg/day in healthy pregnant 

women

• 2.5 mg/kg-day in healthy children 

and adolescents (limited data)



Findings Relative to Other Recent Assessments
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Adults: 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

Pregnant Women: Caffeine intakes from all sources 

up to 200 mg per day consumed throughout the day 

by pregnant women in the general population do not 

give rise to safety concerns for the fetus

Children: Single doses of caffeine of no concern 

derived for adults (3 mg/kg bw per day for a 70-kg 

adult) may also apply to children.

Strong and consistent evidence shows that

consumption of coffee within the moderate range (3

to 5 cups/d or up to 400 mg/d caffeine) is not

associated with increased risk of major chronic

diseases, such as cardiovascular disease (CVD) and

cancer and premature death in healthy adults.



Collective Impact
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Anticipated utility for health professionals and consumers

Identification of future research areas

Shift in caffeine research may be warranted

• Sensitive populations

• Interindividual variability

• Co-exposures

• Subpopulations (e.g., unhealthy)

Application of SR in field of toxicology

• Demonstrates need to further develop tools



PAPER OF THE YEAR!
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Common Misperceptions



Evergreen topics that are NOT supported by data

• Pregnant women should avoid caffeine

• Caffeine is dehydrating

• Caffeine is associated with increased risk of heart 

disease



Caffeine and Pregnancy – alarming headlines
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• Results from 

Health Canada, 

2003; Wikoff et al., 

2017, FDA 

position, EFSA 

position are not 

consistent with the 

need to AVOID 

caffeine.

YET…….



What drives this perpetuated misunderstanding?
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• This is a well known and documented phenomenon called the 

pregnancy signal which confounds the studies of most common 

source of caffeine in pregnant women……coffee 

• What is the Pregnancy signal?

– In early pregnancy when high hormone levels exist  (reflecting a 

healthy pregnancy) there is a frequent aversion to strong odors 

(coffee is an example);

–This aversion does not occur when low hormone levels 

(reflecting an unhealthy pregnancy) are present.  

–This phenomenon led to a misperception of the researchers that 

caffeine was the causative agent when the pregnancy was 

already doomed.

–First documented in 2004



Supporting Data for the Pregnancy Signal & Safety 
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•Comprehensive review of 

literature in 20101

–“Weight of evidence does not 

support a positive relationship 

between caffeine consumption 

and adverse reproductive or 

perinatal outcomes.”

• Moderate = 1-2 cups/day 



Caffeine and dehydration
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• Caffeine does have a mild diuretic effect = increased urine output

• Research suggests consumption of caffeine will NOT cause dehydration

• Some researchers in this area…..



Caffeine and heart health
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• This has been a traditionally recognized “concern”

• Research of late has continued to support that caffeine 

intake does not increase risk of CVD

• Ding; Bravi; Poole et al., have done large reviews



Toxicologist’s Mantra

Everything in Moderation



In Summary

Caffeine remains one of the most 

researched ingredient in today’s 

marketplace.

Occurs naturally; it can also be added to 

foods and beverages.

Naturally occurring caffeine has the same 

effect of caffeine that is added – there is no 

difference in the effect

Moderate caffeine consumption is not a 

concern;

Up to 400mg is considered moderate; 

200mg for pregnant women

Understand the various sources and 

amounts in each product

Visit IFIC’s Caffeine website and check out the Caffeine Calculator 

and understand the caffeine content from various sources.
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