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Caffeine







Caffeine
√ Is the most consumed psychoactive substance worldwide;

√ Moderate safety daily caffeine consumption (EFSA, 2015):
Adults: 4-5 cups of coffee ( + 400 mg/day)

Pregnant women: 2 cups of coffee ( + 200 mg/day)
Children and adolescents: 2.5 - 3 mg/kg per day 



Caffeine kinetics in the body

Islam et al. Int J Pharm Pharm Sci, 2016



Effects of caffeine on the body



Inside the Brain
100 billion neurons that can have up 

to 15,000 connections with other 
neurons via synapses 



“Caffeine (Adenosine) receptors”

Ribeiro et al., Progress in Neurobiology, 2003 
Kolahdouzan & Hamadeh, CNS Neuroscience & Therapeutics, 2017 



“Caffeine (Adenosine) receptors”





Brain disorders

Mental Disorders
• Anxiety disorders
• Insomnia
• Unipolar depression
• Dementia
• ADHD
• Alcohol dependence
• Conduct disorders
• PTSD
• Personality disorders
• Cannabis 

dependence
• Eating disorders

Neurological Disorders
• Headache
• Sleep Apnea
• Stroke
• Dementia
• Traumatic brain injury
• Epilepsy
• Parkinson’s disease
• Multiple Sclerosis
• Neuromuscular 

disorders
• Brain tumors



Brain disorders in US
(Population 325 million)

Insomnia (60 million)

Depression (20 million)

Anxiety (19 million)

Attention Deficit Hyperactivity 

Disorder (ADHD) (6,2 million)

Alzheimer’s disease (4 million)

Schizophrenia (3 million)

Parkinson’s disease (1,5 million)



The impact of Brain Disorders

DiLuca & Olesen, Neuron , 2014 

British Pound Sterling
= 1.4 US Dollar 

= 4.3 Brazilian Real
= 25.75 Mexican Peso



Big Challenges in Brain Disorders

Etiology

Clinical diagnosis

Neurobiology

New targets

Palliative treatment

Early diagnosis

Disease-modifying therapies



Depression

Special Issue, Nature, 2014 

- WHO: Over 350 million people around 
the world have depression;
- Affects people of all ages, countries, 

cultures, religions, financial conditions;
- More frequent in women;
- Top cause of functional incapacitation;
- Antidepressant drugs failure in 50% of 

patients.



Special Issue, Nature, 2014 





Coffee/Caffeine x Depression
√ Several studies on large cohorts 

have associated daily coffee drinking 
(≥4 cups) with a decreased risk of 
depression (9-20%) (Smith, 2009; 

Lucas et al., 2011) and suicide (53%) 
(Kawachi et al., 1996; Lucas et al., 

2014);

√ Caution: One study showed 
increased suicide risk (58%) in those 

drinking ≥8 cups of coffee daily
(Tanskanen et al., 2000);

√ Many pre-clinical studies have 
demonstrated the antidepressant 
effects of caffeine in rodents (El 

Yacoubi et al., 2003; Yamada et al., 
2014; Kaster et al., 2015).

Prediger et al, 2015 



Rial et al, Frontiers in Cellular Neuroscience, 2016 

Coffee/Caffeine x Depression



Dobriansky et al.; US National Institute on Aging (http://www.state.gov/g/oes/rls/or/81537.htm). 

Parkinson’s disease: 1-2% over 65 years
Alzheimer’s disease:    5% over 65 years

40% over 80 years

Example: Brazil (IBGE)

Aging World: Neurodegenerative diseases

http://www.state.gov/g/oes/rls/or/81537.htm


O'Keefe et al., Progress in Cardiovascular Diseases, 2018 (In press)

Aging World: Coffee for longevity
√ A multicenter prospective cohort study of 521,330 adults who were recruited from 
10 European countries and followed for 16 years showed that the intake of at least 
3 cups of coffee per day was associated with a lower risk (7-12%) of all-cause 
mortality (Gunter et al, 2017);

√ Similar findings were described by Park et al. (2017) in a multi-ethnic prospective 
cohort study comprised of 185,000 non-white participants including African-
Americans, Native Americans, Hawaiians, Japanese-Americans, and Latinos.



The World Alzheimer Report 2015: The global impact of dementia, Alzheimer’s disease international (ADI).



Alzheimer’s disease






Kolahdouzan & Hamadeh, CNS Neuroscience & Therapeutics, 2017 

Most epidemiological studies suggest that a lifetime of regular coffee/caffeine
consumption reduces the risk (30-70%) of developing Alzheimer’s disease. Caffeine
improves the attention and memory, decreases the production of amyloid-beta,
however is not able to reverse the symptoms of Alzheimer's disease patients.

Coffee/Caffeine x Alzheimer’s disease



A study on 124 subjects aged 65–88 years reported that persons evolving
from ‘moderate cognitive decline’ (MCI) to Alzheimer’s disease during
the 2–4 years follow-up had 51% lower blood caffeine concentrations
than those who stayed at the MCI.

Coffee/Caffeine x Alzheimer’s disease

Cao et al., J Alzheimers Dis, 2012



Parkinson’s disease – 200 years of study

James Parkinson
(1755-1824) 



Motor symptoms












CHALLENGES OF PHARMACOLOGICAL TREATMENT

Awakenings, 1990

Poewe et al., Nat Rev Dis Primers, 2017








Stayte and Vissel, Frontiers in Neuroscience, 2014

Caffeine and adenosine A2A receptors 
x Parkinson’s disease – Animal models



• Pre-clinical studies indicate that caffeine may confer 
neuroprotection against the underlying dopaminergic 
neuron degeneration and can influence the onset and 
progression of PD.

• Caffeine, through the blockade of adenosine A2A 
receptors in striatopallidal neurons, can improve the 
motor deficits of PD and adenosine A2A receptor 
antagonists such as istradefylline reduce OFF time 
associated to chronic L-dopa therapy.

Caffeine and adenosine A2A receptors 
x Parkinson’s disease – Animal models



Coffee/Caffeine x Risk of Parkinson’s disease

Kolahdouzan & Hamadeh, CNS Neuroscience & Therapeutics, 2017 



Coffee/Caffeine x Risk of Parkinson’s disease

O'Keefe et al., Progress in Cardiovascular Diseases, 2018 (In press)
Costa et al., J Alzheimers Dis, 2010



ASCHERIO et al., Neurology, 2003



Postuma et al., Neurology, 2017Clinicaltrials.gov identifier: NCT01738178

Exclusion criteria included caffeine intake >150 mg per day

Methods: 121 PD patients with 1–8 years disease duration were
randomized to caffeine-containing capsules 200 mg twice daily
vs placebo capsules for 6–18 months. The outcomes included
safety and tolerability, motor symptoms, sleep, cognition and
quality of life.

Conclusion: 
• Caffeine did not provide clinically important

improvement of motor manifestations of PD.
• Epidemiologic links between caffeine and lower PD risk

do not appear to be explained by symptomatic effects.





Attention-deficit hyperactivity disorder (ADHD) 

ADHD is a chronic neurobehavioral disorder
that begins in childhood and is characterized
by a persistent pattern of:

Inattention

Hyperactivity

Impulsivity 

Diagnostic and Statistical Manual of Mental Disorders (DSM–V), 2013



Prevalence of ADHD in children 
and adolescents

A meta-analysis of 102 studies on children and adolescents diagnosed with
ADHD, found that the prevalence of ADHD in individuals aged ≤18 years varies
among countries worldwide.

The estimated prevalence worldwide is 5%.
Polanczyk, G. et al. Am J Psychiatry, 2007



Prevalence of ADHD in adults

http://adhd-institute.com/burden-of-adhd/epidemiology/

The global prevalence of ADHD in adults ranges from 1.1% in Australia to 
7.3% in France.



Symptoms persist into adolescence and adulthood 
for majority of patients

Hyperactivity and impulsivity may diminish at a 
higher rate than inattention.



Daily activities 
at home

Parents, careers 
and siblings

School and 
homework

Teachers and 
friends

Negative impact of ADHD on multiple domains 



Real-Life Consequences



Neurobiology of ADHD

Working memory Orientation

Decision making and 
strategic planning

ADHD is associated with structural, functional and neurotransmitter alterations 
in many brain regions, including cortical and subcortical structures.

Faraone et al., Nat Rev Dis Primers, 2015



Ribeiro et al., Progress in Neurobiology, 2003

Adenosine receptors are widely distributed in brain areas 
with marked alterations in ADHD

“Caffeine (Adenosine) receptors”

Faraone et al., Nat Rev Dis Primers, 2015



1973

Kupietz & Winsberg: 
caffeine improves

hyperactivity but not 
attention deficits.

1977 Harvey & 
Marsh: superior 

effects of 
caffeine in 

comparison to 
placebo.

1978

1981-1985

2000
Leon: meta-analysis study:
• small number of studies;
• mean study size was very small

(14.4)
• different caffeine dose.

Reviewed in: Ioannidis et al., Journal of Psychopharmacology, 2014

Garfinkel et al.; Schechter &
Timmons: caffeine improves
the effects of methylphenidate.

Schnackenberg: positive 
effects of coffee 

consumption in 11 
hyperactive children.

NOW

Coffee/Caffeine x ADHD





Chronic caffeine treatment normalizes dopaminergic 
function in the striatum and the frontal cortex

Pandolfo et al., European Neuropsychopharmacology 23 (2013) 317–328.

Chronic treatment with caffeine during adolescence (2 mg/kg, i.p.; twice daily 
for 21 day) in male SHR.



Conclusion
√ Moderate safety daily caffeine consumption:

Adults: 4-5 cups of coffee ( + 400 mg/day)
Pregnant women: 2 cups of coffee ( + 200 mg/day)

Children and adolescents: 2.5 - 3 mg/kg per day 

√ Coffee/caffeine consumption improves attention, memory, mood and
decreases the risk of depression and suicide;

√ Lifelong coffee/caffeine consumption prevents age-related cognitive
decline and increases the longevity;

√ Despite ineffective for the improvement of Alzheimer’s and Parkinson’s
diseases symptoms, lifelong coffee/caffeine consumption decreases the risk
of these diseases and may represent a blood marker of diseases progression;

√ ADHD symptoms in children, adolescents and adults may be improved by
coffee/caffeine consumption and future controlled clinical trials are
welcome!



Caution in caffeine consumption

√ Risk pregnancy
√ Gastritis or ulcer

√ Insomnia
√ Anxiety disorders

(Panic attacks and generalized anxiety)
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