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Neurodegenerative Diseases

Overview

Research suggests that a lifelong, regular and moderate intake of coffee/caffeine may
have an effect on physiological, age-related cognitive decline: in women, and those over
80 years old in particular'?3. Moderate coffee consumption is typically defined as 3-5
cups per day, based on the European Food Safety Authority’s review of caffeine safety?*.

In the case of Alzheimer’s Disease (AD), research points to an inverse association
between lifelong coffee consumption and the risk of developing this condition?*3>,
However, as research in this area is still limited, further studies are required. A number
of studies have suggested that caffeine may be involved in the observed effect364, but
other coffee constituents such as trigonelline*?** and polyphenols**-*¢ are also of
interest.

Epidemiological studies also suggest an inverse association between coffee
consumption and the risk of developing Parkinson’s Disease (PD) 4763, Research has
indicated that caffeine may be involved in the potential preventative effect coffee
consumption has on PD>*¢*67_ Caffeine may play a role by antagonising adenosine A2A
receptors. Such antagonists are thought to have neuro-protective properties>*6879,
Several studies have also reported that coffee consumption may have a protective
effect on the risk of stroke’'7¢, especially in women’2,

The content in this Overview was last edited in July 2019. Papers in the Latest Research
section and further resources are added regularly.

Background Information

Cognitive functions remain relatively stable until an individual reaches approximately 60
years old, at which point they tend to slow down, particularly between 60 and 80
years’’. There is some evidence that brain function can start to deteriorate as early as
45 years old. In addition, older adults are susceptible to developing neurodegenerative
disorders, including Alzheimer’s and Parkinson’s diseases, for which there is no
treatment at present’’.

This has triggered extensive research into various preventative factors, mainly related to
diet and lifestyle. Caffeine is known to have stimulating properties on human cognitive
function, including positive effects on alertness and concentration’®, learning, memory
and mood”°. Caffeine is also known to stimulate motor activity in animals and humans.
Because of these properties, caffeine is considered a likely candidate for delaying and/or
preventing physiological, age-related cognitive decline as well as a number of
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neurodegenerative disorders — Alzheimer’s and Parkinson’s Diseases, as well as stroke.
However, more research is needed before any firm conclusions can be drawn.

Caffeine and Cognitive performance

Unhealthy lifestyles, vascular diseases, genetic factors, oxidative stress and
inflammation all accelerate cognitive decline and suggest that cognitive decline could, at
least partly, be modifiable. It has been hypothesized that caffeine could, in part,
compensate for this decline because of its effects on vigilance, mainly in situations of
reduced alertness®%3, However, young and elderly subjects appear to respond to the
effects of caffeine differently.

Two early studies on both elderly and adult subjects found that caffeine improves
attention span, psychomotor performance and cognitive function, as well as feelings of
well-being in the elderly. The elderly appeared more sensitive to the protective effects
of caffeine on declining mental performance over time than younger subjects®?.

In younger subjects (18-37 years), caffeine has been shown to improve performance
during distraction, rather than during simple tasks. In elderly subjects (60-75 years)
however, caffeine improved performance during more complex tasks requiring
sustained attention. Interestingly, improving performance during complex tasks is
usually less effective in elderly subjects than in younger participants3.

It is suggested that caffeine may help to reverse the effects of cognitive aging by
stimulating the energy resources of elderly subjects®.

A British study of 9,003 adult subjects reported a dose-related improvement in cognitive
performance with higher levels of coffee consumption. Higher overall caffeine
consumption (from coffee and tea) improved simple and choice reaction times,
incidental verbal memory and visuo-spatial reasoning. Older people appeared more
susceptible to the performance-enhancing effects of caffeine on mental performance
than the younger subjects.

Analysis from the Baltimore Longitudinal Study of Aging, a prospective cohort study,
also suggested that caffeine intake was associated with better baseline cognition in
adults over 70 years of age®. Two Dutch studies on subjects aged 24-81 years also found
positive effects of caffeine on cognition, mainly reaction time and verbal memory, but
no age-related differences were observed”?2.

Other components in coffee may also enhance cognitive performance in older adults. A
pilot study on 39 healthy participants, aged 53-79 years, found that decaffeinated coffee
enriched with chlorogenic acids improved mood and some mood-related behaviours,
compared to regular decaffeinated coffee. The effect was less robust than the one
triggered by caffeine, but reflects the potential cognitive-related activity of chlorogenic
acids and warrants further investigation®.
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Effects of coffee on cognitive decline

Further studies have considered the specific effect of coffee consumption, suggesting
that habitual coffee consumption may boost the cognitive reserve of older adults,
particularly in women.

A 2010 meta-analysis of 9 studies looked at the effects of coffee/caffeine on different
measures of cognitive impairment and/or decline including AD, cognitive impairment
and cognitive decline. The authors found a reduced risk of cognitive decline across
different measures of cognitive impairment (mean risk ratio 0.84) with caffeine intake,
with moderate heterogeneity®C. Although the outcome of this meta-analysis ranged
from cognitive decline to AD, the analyses showed a clear protective role of coffee. It
should be noted that many papers devoted to the effects of coffee on age-related
cognitive decline were not included in this review.

A further systematic literature review published in 2013 suggested that, for all studies
on tea and most of those on coffee, estimates of cognitive decline were lower among
consumers but there was no evidence of a dose response. Research has also suggested a
stronger effect in women than men®'.

However, a 2018 meta-analysis of prospective studies indicated no statistically
significant association between coffee consumption and the risk of dementia®?.

A number of large studies have also considered associations between coffee intake and
cognitive decline.

e The Rancho Bernardo study with 1,538 participants — 890 healthy women and
638 healthy men from South California with a mean age of 73 years — reported
that higher caffeine consumption in a lifetime was associated with better
performance in women in 6 out of 12 cognitive tests, with a trend in two other
tests. Among women aged 80 or older, lifetime coffee intake was associated with
better performance in 11 out of 12 tests. Current caffeinated coffee intake was
also associated with improved performance. No relation was found between
coffee intake and cognitive function in men, or between decaffeinated coffee
intake and cognitive function in either sex®3.

e The longitudinal prospective Three City cohort study of 4,197 healthy women
and 2,820 healthy men over 65 years, suggested that women consuming more
than 3 cups of caffeinated coffee per day for 4 years showed a smaller decline in
verbal retrieval and visuo-spatial memory than women consuming one cup of
coffee or less per day. The protective effect of caffeine increased with age, with
a maximal effect in women over 80 years. No relation was found between
caffeine intake and cognitive decline in men4.
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e A cohort of 648 adults aged 65 years old and living in Portugal, with a caffeine
intake of more than 62 mg/day (the equivalent of 1 regular cup or more)
compared to less than 22 mg/day was associated with a lower risk of cognitive
decline in women only*®.

e Another study of 4,809 participants aged 65 and older suggested that subjects
who did not consume tea or coffee declined mentally every year by 1.30 points
(women) and 1.11 points (men) on standard scores. In fully adjusted models, tea,
coffee or caffeine consumption modestly attenuated the rate of cognitive
decline in women, with no consistent effect on men?®.

e A further prospective study looked at the 10-year cognitive decline of 676
healthy men born between 1900 and 1920 in three European countries (Finland,
Italy and The Netherlands). Men who consumed coffee experienced a 10-year
cognitive decline of 4%. Non-coffee drinkers experienced an additional decline of
4.7%. The authors reported an inverse J-shaped curve between the number of
cups of coffee consumed and the extent of cognitive decline, with the lowest
cognitive decline (2%) reported for 3 daily cups of coffee. This decline was 4.3
times smaller than in non-coffee drinkers'’.

e A cohort study of 923 healthy adults from Scotland (Lothian Birth Control 1936
Study), assessed the IQ of children at 11 years old and latterly at the age of 70.
The authors found association between total caffeine intake (through coffee,
tea, and dietary caffeine) and general cognitive ability and memory. After
adjustment for IQ at age 11 and social class, a robust positive association
remained between drinking ground coffee (filter or espresso) and reading
performance. No gender effects were observed, contrary to several previous
studies?®,

e A general survey performed in Taiwan found that among all lifestyle factors
examined, there was an inverse relationship between cognitive impairment and
the intake of vegetables and fruits, coffee, and tea. The authors considered that
the subjects who did not drink coffee were at a significantly higher risk of
cognitive impairment?*®,

e Further work as part of the Women’s Antioxidant Cardiovascular Study showed
that consumption of caffeinated coffee but not other caffeinated products such
as tea, cola and chocolate, was significantly related to slower cognitive decline in
older women with vascular disorders?°.
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Research suggests that regular coffee/caffeine consumption can help to reduce
cognitive decline in older adults, particularly women. Further research is required to
clarify the differences between men and women, and potential mechanisms.

Coffee and Alzheimer’s Disease
Background

Alzheimer’s Disease (AD) is the most frequent cause of dementia. It is estimated that
between 50-70% of people with dementia suffer from AD34%7, In addition,
approximately one person out of 20 over the age of 65 suffers from AD, as opposed to
less than one person in a thousand under the age of 65%°. Approximately 44 million
people globally suffer from AD2. The 2015 World Alzheimer’s Report suggested

that approximately 10.5 million people in Europe suffer with AD and the number is
predicted to increase to 13.4 million by 2030 and to 18.7 million by 2050%.

In 2014 Alzheimer Europe published an updated systematic review of papers reporting
the prevalence of dementia. The authors concluded that that for the majority of age
groups, dementia prevalence has not changed significantly over the last few

decades. However, they did report a higher prevalence in older females than was
previously thought®,

AD, a neurodegenerative disease, leads to progressive cognitive decline and the
accumulation of B-amyloid peptide (AB) in the brain. Some forms of AD are due to the
mutation of genes coding for the precursor of AB, presenilin 1 and 2. Genetic factors
interact with surrounding environmental factors and the influence of these additional
factors, deleterious or protective, remains largely unknown®.

Coffee, caffeine and risk of Alzheimer’s disease

The majority of studies suggest that regular coffee/caffeine consumption over a lifetime
reduces the risk of developing AD, particularly in the elderly, however some studies
show varying results. It seems that coffee/caffeine consumption may be particularly
beneficial before the occurrence of the disease i.e. during the pre-morbid phase.

A number of meta-analyses and reviews have been undertaken which together support
the view that coffee consumption is associated with a reduced risk of AD.

e A 2007 review of observational studies suggested that coffee consumption was
associated with a reduced risk of AD by approximately by 30% as compared to
non-coffee consumers®’. Four studies carried out between 1990 and 2002 were
included in this review (2 case-control and 2 cohort studies) 2>-28. Overall, the
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results suggested a protective effect of coffee consumption, however, there was
a large heterogeneity across the studies.

A further meta-analysis of the relation between coffee/caffeine intake and the
risk of AD, suggested that the summary risk ratio reached 0.80-0.83 for
Alzheimer’s disease after adjustment for smoking and hypertension®®.

A 2010 review also suggested that daily intake of 3-5 cups of coffee in middle age
may lower the risk of the dementia and AD by about 65% as compared to lower
amounts of coffee. However, the author also highlighted the fact that some
findings are inconsistent3°.

A 2017 review concluded that reports indicate that moderate coffee
consumption may in fact lower the risk for common neurodegenerative
conditions including AD. However, the authors concluded that methodological
differences in studies mean comparisons and conclusions can be difficult to
reach and further well constructed research is required3?.

A 2017 theoretical review suggested an association between genetically
predicted higher coffee consumption and higher odds of AD. The role of genetic
polymorphisms in diet and disease warrants further investigation3?.

A further 2018 meta- analysis of prospective studies that focused on Alzheimer’s
disease revealed no association between coffee consumption and Alzheimer’s
disease and no deviations from a linear trend. The relative risk of Alzheimer’s
disease per 1 cup/day increment of coffee consumption was 1.01%2.

Larger studies that have also considered associations between coffee consumption and

AD.

A study of 4,615 subjects followed over 5 years (194 AD cases, 3,894 cognitively
‘normal’ controls, and 527 exclusions) found that the use of non-steroidal anti-
inflammatory drugs, wine consumption, coffee consumption, and regular
physical activity were associated with a reduced risk of AD (risk ratio of 0.69 for
coffee). Interestingly, there was no protection for tea consumers in this study?®.

A further study of 1,409 individuals aged 65 to 79 were examined after 21 years’
follow-up. Coffee consumption in midlife decreased the risk of AD and dementia
in the elderly, with the lowest risk (65% decrease) found in people who drank 3-5
cups/day33.
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However, other studies have not shown an association between coffee consumption
and a reduced risk of AD. Both a Finnish study3* and the Honolulu-Asia Aging Study?,

found no link between coffee consumption and dementia or cognitive impairment.

Mechanism of action for caffeine

A number of animal studies point to possible mechanisms of action behind
coffee/caffeine’s effects on AD risk.

In one study, caffeine in drinking water, given to transgenic mice that develop AD-like
symptoms around 8 months of age, improved learning and memory and reduced the
concentration of AB peptide and presenilin in the hippocampus, the main brain
structure involved in memory?3®.

Moreover, these effects were also found when caffeine treatment was started late i.e.
once the mice had already developed cognitive deficits. Caffeine seemed to act by
reducing the mediators of inflammation3”-3,

Caffeinated coffee increased plasma levels of granulocyte-colony stimulating factor
(GCSF), which seemed to improve the cognitive performance of AD transgenic mice with
the recruitment of bone marrow cells, enhanced synaptogenesis, and increased
neurogenesis. Neither a caffeine solution alone, nor decaffeinated coffee, provided this
effect. The authors hypothesize that caffeine might interact with another component in
coffee to selectively elevate GCSF?°.

Caffeine may also be active at a different level. In an animal study, the long-term
consumption of caffeine in drinking water by rats increased cerebrospinal fluid (CSF)
production and cerebral blood flow, which directly affects the production of CSF3®.
Defective CSF production and turnover, with diminished clearance of AB, may be one
mechanism implicated in the pathogenesis of AD¢. This may partly explain the caffeine-
induced reduction of brain levels of AB peptide although it is not yet known whether
this effect also occurs in humans®%42,

A further hypothesis suggests that the modulation of adenosine receptors, namely, the
Axareceptor, affords neuroprotection through the control of microglia reactivity and
neuroinflammation. Again, further work is required to explore this hypothesis*?.

A role for other coffee constituents

Other coffee constituents, which may be involved in coffee’s beneficial effect on AD risk,
besides caffeine, have also been studied.
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Several animal studies suggest that trigonelline may have neuro-protective properties
and improve memory retention*3->,

The polyphenol antioxidant ferulic acid found in coffee, given to mice in drinking water,
has been found to protect against cognitive deficits, mainly spatial and working
memory, suppress inflammation and prevent the loss of acetylcholine from the cerebral
cortex — all factors that characterize the disease?®.

There is an increasing number of experimental and human scientific studies suggesting a
potentially protective role for caffeine — and potentially also for other coffee
compounds e.g. anti-oxidants or anti-inflammatory agents — in the development of AD.
However, further studies aimed at identifying the different coffee compounds that
appear to be active against the disease, and the mechanism of action, are needed
before firm conclusions can be drawn.

Coffee and Parkinson’s disease
Background

Parkinson’s Disease (PD) is a debilitating neurodegenerative disorder. In Europe, almost
1.2 million people are estimated to have PD, with about 75,000 new cases diagnosed
every year®’. The age of onset of PD is usually over 60, but it is estimated that one in 10
cases are diagnosed before the age of 50, with slightly more men than women
affected®™.

The cardinal features of PD are the slowing down of motor function, resting tremor,
muscular rigidity, gait disturbances, and postural reflex impairment. The underlying
pathological lesion is the progressive destruction of dopaminergic neurons in the
midbrain. There is currently no available treatment to either prevent or slow down this
neuronal loss and the resulting dopamine decrease in the midbrain.

Experimental and epidemiological research has focused on lifestyle, dietary and
environmental risk factors, including coffee consumption.

Coffee, caffeine and risk of Parkinson’s disease

A large number of epidemiological studies report an inverse, dose-responsive
relationship between coffee/caffeine consumption and the risk of developing PD. Coffee
consumption appears to reduce or delay the development of PD and caffeine is most
likely the causal factor. In women, however, the interaction between caffeine and
hormonal therapy still needs further clarification.
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As early as 1968, a study reported a higher percentage of non-coffee consumers in the
control compared to the affected group®’. Subsequent studies performed in Spain“,
Sweden*® and Germany>° found an inverse relationship between coffee consumption
and PD, and a lower coffee consumption before disease onset.

The first prospective study on 8,004 Japanese American men living in Hawaii (the
Honolulu Heart Program), carried out over a median duration of 27 years, reported an
inverse association between PD incidence with a five-fold reduced risk for those drinking
more than 4 cups of coffee per day when compared to non-consumers. The same
inverse relationship was shown for caffeine from non-coffee sources®?. A smaller case
control study published in 2014 suggested only a weak inverse association between
coffee intake and the risk of PD>2.

A number of meta-analyses and reviews have been undertaken which together support
the view that coffee consumption is associated with a reduced risk of Parkinson’s
Disease.

e A 2002 meta-analysis of 20 studies reported that the global risk of developing PD
decreased by 31% (relative risk 0.69)°3 in coffee drinkers compared to non-
coffee drinkers. Some of the individual studies found very strong risk reductions,
up to 80% with the consumption of over 4 cups of coffee per day.

e A further 2010 meta-analysis of 26 studies®* found that the overall risk of
developing PD fell by 24-32% per 300 mg increase in caffeine intake (i.e. with
every 3 cups of coffee, approximately).

e A 2012 review of 304,980 participants in the National Institutes of Health-AARP
Diet and Health Study suggested that higher caffeine intake was associated with
subsequent lower PD risk in both men and women. The authors conducted a
meta-analysis of prospective studies and confirmed that caffeine intake was
inversely associated with PD risk in both men and women and suggested that
there was no gender difference in the relation between caffeine and PD>.

e A 2014 dose, response meta-analysis showed a linear relationship between risk
reduction of PD with tea and caffeine consumption, however, the association
with coffee intake reached a maximum at approximately 3 cups of coffee a day®.

e A 2018 literature review also confirmed that most reports indicate that
moderate coffee consumption may in fact lower the risk for common
neurodegenerative conditions, including PD3?.

In women, the data are more equivocal. One study found a U-shaped relation, with
moderate consumption of coffee/caffeine being the most protective®’->°.
Postmenopausal hormone use seems to affect the impact of coffee consumption on risk
of PD.
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A study performed on 77,713 women, followed up for 18 years, reported that in those
not taking postmenopausal hormones (PMH), coffee was as protective against PD as in
men. In women taking estrogens, the risk for PD was similar to men in case of low coffee
consumption, but significantly increased four-fold in women drinking 6 or more cups of
coffee a day when compared to non-coffee drinkers®’. A case-control study, part of the
Nurses’ Health Study (NHS) and the Health Professionals Follow-up Study (HPFS), did not
find convincing evidence that variations in the genes coding for caffeine metabolism
(CYP1A2 and NAT2) or estrogen receptors (ESR1 and ESR2) could predict the risk of PD
linked to hormone replacement therapy use®°.

Further analysis from the same data sets supported previous findings that increased
caffeine intake may be associated with a decreased PD risk in men and also in women
who have never used PMH®!,

Additional work has considered the effect of coffee consumption on the symptoms
associated with PD. A randomised control trial evaluated the effects of caffeine intake
on the symptoms of PD, including daytime somnolence, motor severity and other non-
motor features. The results showed improved objective motor measures, but only
equivocal effects of caffeine on somnolence in PD; further evidence is required®. A
further study of non-motor symptoms in patients with PD suggested that coffee drinking
was significantly inversely associated with the prevalence of lack of motivation,
anhedonia, and lack of pleasure, which were less frequent in coffee drinkers. In
particular, coffee drinking was significantly associated with a reduced severity of the
mood/cognition domain of non-motor symptoms®.

Mechanism of action

Experimental studies have identified a mechanism of action for caffeine’s preventative
role in the development of PD.

Low doses of caffeine antagonize mainly adenosine A2A receptors, which are located
with D2 dopaminergic receptors in the striatum, i.e. the cerebral region involved in the
control of locomotion and movement and in which dopaminergic neurontransmission is
dramatically impaired in patients with PD. In the striatum, the blockade of A2A
receptors increases motor activity and improves motor deficits in models of PD, via the
stimulation of D2 receptors®4%°,

In animals, caffeine counteracts the symptoms of PD induced in rats and mice and
enhances the effects of the classical treatment of PD, the precursor of dopamine, L-

DOPA®®:67,

Data obtained from several preclinical studies point to the beneficial effects of chronic
A2A receptor antagonists (such as caffeine) on PD motor disability and on motor

10
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complications produced by long-term L-DOPA treatment, suggesting that they will be
effective in the symptomatic treatment of PD58°%¢,

Moreover, the A2A antagonists, including caffeine and D2 agonists, have
neuroprotective properties and can attenuate the degeneration of dopaminergic cells in
various animal models>*®8,

The role of genetic polymorphisms has been considered in a number of areas. One
assessment of PD incidence and prevalence with lifetime coffee consumption and
polymorphisms in the ADORA2A and CYP1A2 suggested that associations with daily
coffee consumption were strongest among carriers of variant alleles in both ADORA2A
and CYP1A2%°. However, a further study of interactions between GRIN2A and CYP1A2
polymorphisms did not show an interaction with caffeine intake in determining PD
risk’. Clearly further research on genetic polymorphisms is required to understand the
associations in more detail.

Coffee and stroke

The World Heart Federation states that every year 15 million people worldwide suffer a
stroke. Nearly 6 million die and another 5 million are left permanently disabled. Stroke
is the second leading cause of disability after dementia. Globally, stroke is the second
leading cause of death above the age of 60 years, and the fifth leading cause of death in
people aged 15 to 59 years old®2.

In many developed countries the incidence of stroke is declining even though the actual
number of strokes is increasing because of the aging population. In the developing
world, however, the incidence of stroke is increasing.

Research shows that moderate coffee consumption may reduce the risk of stroke, and
limit the deleterious consequences of suffering a stroke.

A prospective study of 26,556 male Finnish smokers reported that the relative risk of
developing a non-hemorrhagic stroke was significantly reduced by 12% with the
consumption of 4-5 cups of coffee per day. The risk was reduced further to 23% in the
heaviest consumers (> six cups per day) compared to those who drank less than 2 cups
per day. However, coffee consumption did not protect against intra-cerebral or
subarachnoid hemorrhage’®.

This association was extended to women in a study where 34,670 women were followed
up prospectively. Coffee consumption (2-5 cups per day) was associated with a
significant 22-25% risk reduction of total stroke, cerebral infarction, and subarachnoid
hemorrhage but not intra-cerebral hemorrhage’.

11
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The prospective Nurses’ Health Study of 83,076 women also reported a 20% reduced
risk of stroke with the consumption of 2-4 cups coffee per day, compared to 1 cup per
month. The association was stronger among never and past smokers, with a risk
reduction of 43% with 4 cups a day. Other drinks containing caffeine, such as tea and
caffeinated soft drinks, were not associated with stroke’3.

A 2011 meta-analysis including 11 prospective studies, with 10,003 cases of stroke
among 479,689 participants, found that moderate coffee consumption may be weakly,
non-linearly, inversely associated with risk of stroke’*.

In a further study, 10 patients who suffered a cortical stroke were given a caffeinol
mixture injection (approximately 8-9 mg/kg caffeine — the equivalent of 5-7 cups of
coffee — with 0.3-0.4 g/kg ethanol, or 2 doses of strong alcohol), and fibrinolysis with
tissular plasminogen activator (t-PA ), in the 134 min following the first clinical signs. The
efficacy of the cocktail was optimal when administered during the first 95 minutes.
Among the 10 patients treated with caffeinol, six had preserved activities and
autonomy, while this was only the case in 26% of the 90 patients treated in a classical
manner’>. The mechanisms of action underlying these effects could involve the
inhibition of adenosine receptors by caffeine, and the receptors of the main inhibitory
neurotransmitter, GABA, by ethanol but await further validation.

A systematic review of stroke risk in relation to the consumption of different foods
concluded that a high consumption of nuts, fruits, vegetables, dairy foods, fish and tea,
and moderate consumption of coffee and chocolate demonstrated a protective effect
against stroke risk’®.

Conclusion

The lifelong, regular and moderate intake of coffee/caffeine (the equivalent of 3-5
regular cups of caffeinated coffee) appears to have a beneficial effect on our cognitive
abilities. It may preserve our cognitive potential as we age, have preventative effects on
the development of neurodegenerative diseases such as Alzheimer’s and Parkinson’s
disease, and limit both the risk, and the deleterious consequences, of stroke. However,
further research is needed before any firm conclusions can be drawn.
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