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ABSTRACT

Cocoa-related products like chocolate have taken an important place in our food habits
and culture. Preliminary research data shows that theobromine, a methylxanthine
present in high concentrations in cocoa, might have a protective effect against
Alzheimer’s Disease (AD). In this work, we aim to examine the relationship between
chocolate consumption and cognitive decline in an elderly cognitively healthy
population. Furthermore, we will discuss the current state of the art concerning the
study of the cognitive effects of chocolate and theobromine. A cohort of 531
participants aged 65 and over with a Mini-Mental State Examination (MMSE) not
compatible with cognitive impairment was selected for the present study. The median
follow-up was 48 months. Dietary habits were evaluated at baseline. The MMSE was
used to assess global cognitive function at baseline and at follow-up. Cognitive decline
was defined by a decrease > 2 points in the MMSE score between evaluations. Relative
risk (RR) and 95% confidence interval (95%CI) estimates were adjusted for age,
education, smoking, alcohol drinking, body mass index, hypertension, and diabetes.
Chocolate intake was associated with a lower risk of cognitive decline (RR = 0.59,
95%CI 0.38 — 0.92). To our knowledge, this is the first study to have assessed the
negative association between regular long-term chocolate consumption and cognitive

decline in humans.

Keywords: chocolate, cognitive decline, theobromine, A,a receptors, prevention,

Alzheimer’s Disease






RESUMO

Os produtos com conteddo de cacau, tais como o chocolate, conquistaram um
importante lugar nos nossos habitos alimentares e na nossa cultura. Dados preliminares
indicam que a teobromina, uma metilxantina presente em alta concentracdo nos
produtos a base de cacau, pode apresentar efeitos protectores contra o desenvolvimento
da Doenca de Alzheimer. Ao longo deste trabalho, iremos examinar a relagéo entre o
consumo de chocolate e o surgimento de declinio cognitivo numa populagédo
envelhecida e cognitivamente saudavel. Adicionalmente, iremos discutir o estudo dos
efeitos cognitivos do chocolate e da teobromina. Para este estudo, foi selecionado uma
coorte de 531 participantes com idade igual ou superior a 65 anos e com um valor no
Mini-Mental State Examination (MMSE) incompativel com défice cognitivo. O periodo
médio de seguimento foi de 48 meses. Os habitos dietéticos foram avaliadas na linha de
base. O MMSE foi utilizado para avaliar o funcionamento cognitivo geral tanto na linha
de base como apo6s o seguimento. Para se afimar a existéncia de de declinio cognitivo,
um individuo teria que ter um decréscimo de > 2 pontos no MMSE entre as avaliagdes.
As estimativas do Risco Relativo (RR) e do intervalo de confianca de 95% (95%IC)
foram ajustadas para a idade, educacéo, habitos tabagicos, consumo de alcool, indice de
massa corporal, hipertenséo e diabetes. O consumo de chocolate foi associado a um
menor risco de declinio cognitivo (RR = 0.59, 95%IC 0.38 — 0.92). De acordo com a
nossa pesquisa, este € o primeiro estudo a avaliar a associacdo negativa entre 0 consumo

regular e prolongado de chocolate e o surgimento de declinio cognitivo em humanos.

Palavras-chave: chocolate, declinio cognitivo, teobromina, receptores A,a, prevencéo,

Doenca de Alzheimer






Introduction

Chocolate consumption is generally considered a healthy and pleasant
widespread habit. Despite the drawbacks related to the high caloric intake associated
with this practice, its numerous beneficial effects on different main systems in the
human physiology have been largely studied (1,2). In fact, many of the potential
advantages of chocolate consuming have been attributed to the antioxidative properties
of its components, namely the polyphenolic structures named flavonols (3).
Remarkably, a new insight to what might be in the source of such benefits has been
proposed in the past few years, with special regard to the psychoactive and
neuroprotective effects of the methylxanthines present in chocolate and their implication

in the prevention of neurodegenerative diseases (1,4,5).

Caffeine and theobromine are two similar methylxanthines present in chocolate,
coffee and tea. Whereas caffeine is the most abundant methylxanthine in coffee,
theobromine has been found to be the main xanthine in all types of chocolate (4,6). The
combination of caffeine and theobromine in the proportions found in cacao (the main
compound of chocolate) has been shown to display psycho-stimulant effects (7,8).
Besides, there is increasing evidence that dietary methylxanthines, such as those
commonly found in chocolate products, may possess neuroprotective effects and are
associated with significantly improved and/or preserved aspects of cognitive
functioning (5). Caffeine, in particular, has been widely explored, in terms of its
preventive effect on the development of two of the most prevalent neurodegenerative
diseases, such as Parkinson’s (9) and Alzheimer’s Disease (AD) (10). Notably, a recent
systematic review and meta-analysis of 11 observational epidemiological studies has
pointed for a protective effect of chronical exposure to caffeine against dementia, AD,
cognitive impairment and cognitive decline (11). However, the effects of theobromine
have been less studied than those of caffeine (1,4,5), and the potential neuroprotective

effect of theobromine is still poorly understood (6).

Despite their various mechanisms of action, both molecules seem to act mainly
as nonspecific antagonists of adenosine receptors when considering a normal degree of
consumption (1,4). In fact, the administration of adenosine Aa receptor antagonists has
been proven to prevent memory deficits in different animal AD models (12,13). In

addition, both the blockade of A,a receptors has also been shown to reduce the



production of amyloid-B, a peptide that accumulates in the brain of AD patients, and
limit its synaptotoxic effect (13,14).

In the past years, biomarkers for AD diagnosis and early-detection have been
intensively studied and the concentration of AB42 in the cerebrospinal has been found to
be reduced in AD patients with different stages of the disease (15). Remarkably, the
BIOMARKAPD project recently showed a significant positive correlation between the
concentrations of theobromine in the cerebrospinal fluid and in the plasma with
amyloid-p in the cerebrospinal fluid, suggesting that theobromine might also have a

protective effect against AD (16).

Caffeine Theobromine
(1,3, 7-trimethylxzanthine) (3,7-dimethylzanthine) o Yy

Fig. 1) Chemical structure of caffeine, theobromine and adenosine. Adapted from (1).

Animal studies on the cognitive effect of chocolate/cocoa

To date, there are only two published studies that address the effect of cocoa-

related products on animal’s cognitive function.

In 2007, Rozan et al. investigated the short-term effect of a cocoa polyphenolic
extract (Acticoa powder) on free radicals produced by leucocytes after heat exposure
and the extract’s protective effects on subsequent cognitive impairments. The authors
concluded that the 14-days oral administration of Acticoa powder had protected heat-
exposed rats from cognitive impairments (by better performances in light extinction and
Morris maze paradigms, meaning preserved short and long-term memory processes),
potentially by counteracting the overproduction of free radicals and suggested that the
cognitive outcomes could be related to preservation of brain function as a result of

reduced inflammatory aggression, heat exposure, or enhanced brain plasticity (17).

Short after in 2008, Bisson et al. addressed the long-term effect on cognitive
functions of the same polyphenolic extract, Acticoa powder, in old Wister-Unilever rats.

During 12 months, they orally received supplementation at the dose 24 mg/kg/day, and
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were also evaluated through light extinction and the Morris water maze, showing
improved cognitive performance in terms of spatial memory and short- and long- term
learning, increased lifespan by around 11% and preserved high urinary free dopamine
levels, a neurotransmitter associated with important cognitive functions, such as
efficient memory and problem-solving. In this light, the authors suggested that Acticoa
powder could be beneficial in retarding age-related brain impairments, including

cognitive deficits in normal ageing and perhaps neurodegenerative diseases (18).

Human studies on the cognitive effect of chocolate/cocoa

There is a wide range of data demonstrating beneficial cognitive effects of

chocolate, cocoa and some of its components (1-6,19-22).

Despite not being focused solely on chocolate but also on the consumption of tea
and coffee, a cross-sectional study involving 2031 subjects (aged 70-74 years) by Nurk
et al. in 2009, based on the food habits reported in the previous year, concluded that
habitual chocolate consumers had performed better in all cognitive tests applied and that
the risk for poor test performance in most tests had been significantly reduced by
chocolate consumption (23). The large population and the use of six different cognitive
tests (including the MMSE) were major strengths of this study, but it is noteworthy to
refer that the authors acknowledged some weaknesses, such as the study’s retrospective
cross-sectional design, the potential error in the estimates of nutrients and the volunteer

sample, which might have been a source of recruitment bias.

In 2010 Scholey and colleges designed a randomized, double-blind, controlled
trial to examine the acute cognitive and subjective effects of cocoa flavanols
consumption. In this study, 30 healthy young adults consumed high-flavanol cocoa
drinks and a matched control drink. Over a 1 h testing period, participants repeatedly
performed 10-min cycles of a Cognitive Demand Battery, a Rapid Visual Information
Processing (RVIP) task, and a “mental fatigue” scale. Among other findings, the 994-
mg beverage yielded speeded RVIP responses and the 520-mg beverage attenuated self-
reported “mental fatigue”. This was the first report on immediate improvements of
cognitive function following high-flavanol cocoa consumption in healthy young adults
(24).
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In a recent systematic review by Scholey et al. published in 2013, of the eight
studies that met the criteria for inclusion, three revealed clear evidence of cognitive
enhancement following cocoa flavanols and methylxanthine consumption (19). All
studies examined the cognitive effects of potentially psychoactive fractions of
chocolate: five studies focused on cocoa flavonol fractions of cocoa (22,24-27) and
three (from two articles) on combinations of the methylxanthines: caffeine and
theobromine (7,28). In summary, this review concluded that there is a growing body of
evidence indicating improved cognitive function with acute administration of cocoa
flavonols, caffeine and theobromine, in isolation and in combination. It also stated that,
despite seemingly strong evidence from epidemiological studies (23), no study had yet
found cognitive effects in randomized controlled trials using sub-acute or chronic
administration of chocolate and its components in humans. The dosing regimens periods
varied from 5 days to 6 weeks and it was hypothesized that the lack of positive
outcomes was related to possible methodological aspects (19). For example, in 2008
Crews et al. published an article concerning a double-blind, placebo-controlled, fixed-
dose, parallel group clinical trial in which 101 healthy subjects were randomly assigned
to receive a 37-g dark chocolate bar and 237 mL of an artificially sweetened cocoa
beverage or similar placebo products each day for 6 weeks. The results failed to support
the predicted sub-acute enhancing effects of dark chocolate and cocoa consumption on
neuropsychological status. Again, the authors stated that there were recognized
difficulties that could have contributed to the negative findings, such as the apparent
cognitive intact profile and educational level (>15 years) of the subjects at baseline, the
small sample size which may not have been large enough to detect significant group
differences and the short duration of the treatment or the low quantity of

chocolate/cocoa administered to subjects (26).

Probably because the electronic databases were searched in early-2012 for the
review of Scholey et al. (19), a later article by Desideri and collaborators published in
mid-2012 was not addressed. Included in the Cocoa, Cognition, and Aging (CoCoA)
Study, this double-blind, parallel arm study in which 90 elderly individuals were set to
consume cocoa drinks once daily for 8 weeks provided the first evidence that regular
cocoa flavanol consumption could positively enhance cognitive function in older adults

with mild cognitive impairment (29).
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More recently, two randomized controlled trials revealed contradictory results
concerning the effect of cocoa on cognitive function. Published in 2015 and also based
on the Cocoa, Cognition, and Aging (CoCoA) Study, one of these randomized
controlled trials found that daily cocoa consumption for 8 weeks had improved specific
aspects of cognitive performance in a group of cognitively intact older adults (30). As in
other studies, it was focused on the flavonoid content of cocoa, but it is interesting to
notice that the results on the MMSE did not differ between the low and high-flavonoid
intake groups and that even the low-flavonoid intake group had a significant
improvement on the Verbal Fluency Test. As the authors hypothesize, given this drink’s
very low amount of flavonoids, it is possible that this improvement might have been
attributed to the effect of the methylxanthines present in the ingested products (30). The
second study, also published in 2015, was a randomized, placebo-controlled, double-
blind clinical trial comprising 40 subjects, conducted to investigate the effects of both
acute and sub-acute (four-weeks) 3058 mg Theobroma cacao seed extract daily
supplementation on mood and mental fatigue, cognitive performance and cardiovascular
functioning in young, healthy adults (31). Similarly to Crews et al. study of 2008 (26),
supplementation with cocoa extract did not result in significant sub-acute positive
effects.

In spite of these negative results, it is still possible that the long-term cumulative
supplementation or regular ingestion of cocoa or chocolate may result in cognitive
protection or enhancement. Along with the present work, more studies regarding the
chronic effect of chocolate and its components on cognition are needed to address this

issue.

Studies on the cognitive effect of caffeine and/or theobromine

Studies that address the effect of caffeine on cognitive function are abundant,
both in animals (32) and in humans. Not only are there studies focused on the short-term
effect of this methylxanthine (33,34), there are also various studies and reviews on the
long-term effects of caffeine (11,14,35-37).

In 2007, Chen and collaborators published a review in which they highlighted
Aoa receptors ability to fine tune neuronal and glial functions to produce

neuroprotective effects. Modulation of A;a receptors could facilitate the
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neurophysiological mechanisms of learning and memory, by interfering with the
pathological changes of AD or strengthening the resistance of neuronal cells to insults.
This effect has been proposed to decrease the probability of emergence of AD in healthy
subjects, or attenuate the disease progression in patients already affected (38). In fact,
plasma and brain amyloid-f levels have been found to be reduced by acute or chronic
caffeine administration in several AD transgenic lines and ages (33).

However and to our knowledge, there are still no randomized controlled trials on
humans that address the long-term effect of theobromine on cognition and there are only
a very few early publications to have reported individual and combined effects of
caffeine and theobromine (6). In fact, theobromine has been generally ignored, partially
due to the prevalent idea that it is a very low central nervous system stimulant (39,40).

Apart from some evidence provided by Ott in 1985 (considered to be
“anecdotal” by Smit et al. (6)) who replaced his dietary caffeine intake with a daily dose
of 600 mg theobromine and documented a similar behavior to caffeine in terms of its
capacity to produce withdrawal symptoms, theobromine has only been showed to

produce very minor subjective effects compared with caffeine (41).

A study by Smit and collaborators (2004) showed that both cocoa powder and a
methylxanthine mixture containing a combination of caffeine and theobromine had
significant similar effects on reaction time, energetic arousal and information
processing. They concluded that the psychostimulant effect of chocolate is mainly due
to the methylxanthines present in chocolate (7), an allegation that was considered to be
“premature” in the review by Scholey et al., knowing of the demonstrable acute

psychoactive effects of other components of chocolate, such as cocoa flavonols (19).

Nonetheless, one possible explanation on the different effects of caffeine and

theobromine may lay on their distinct pharmacokinetic and pharmacodynamic profiles.

Pharmacokinetics and pharmacodynamics of caffeine and theobromine

The pharmacokinetics of caffeine and theobromine have been thoroughly studied
(42-45).
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Theobromine absorption from the digestive tract is slow, with an estimated peak
plasma time of 2.5 h (compared with 0.5 h for caffeine) (42). The clearance rate for
acutely administered theobromine is 1.2 ml/min/kg, around half of that of caffeine (2.1
ml/min/kg). This contributes to a higher half-life for theobromine compared to caffeine
(7.2 h against 4.1 h) (45). It has also been stated that inter-individual differences in
theobromine clearance rates may be substantial, as is the case for caffeine (46).
Additionally, it is important to be aware of the different conditions that may alter the
clearance rate of these compounds, either by its decrease or enhancement (i.e. tobacco-
smoking habits (47,48)).

Caffeine Theobromine

Peak plasma time

05h 25h
(t max)
Clearance rate 2.1 ml/min/kg 1.2 ml/min/kg
Half-life 4.1h 7.2h

Table 1) Pharmacokinetic profiles of caffeine and theobromine. Adapted from (42,45).

In humans, methylxanthines are metabolized by demethylation by the enzyme
superfamily cytochrome P450, especially its member CYP1A2 which is responsible for
more than 95% of the primary metabolism of caffeine, making caffeine an important
probe drug to monitor this enzyme’s activity (49). Caffeine is metabolized to different
compounds, including theobromine. Theobromine does not metabolize into other
dimethylxanthines (i.e. theophylline or paraxanthine), nor does it “upgrade” to the
trimethylxanthine caffeine. Because of this, the consumption of cocoa-related products
exposes humans both to theobromine from the demethylation of caffeine, in addition to

the direct ingestion of theobromine contained in these products (6).

Regarding the pharmacodynamic profile of the different methylxanthines, these
have been show to display different affinities for the different receptor types (6). While
theobromine is only 2- to 3-fold less active than caffeine as an antagonist of the
adenosine A; receptors in rat brain, it is at least 10-fold less active than caffeine as an
antagonist of A,a receptors (50). Similar results were documented by Fredholm and
Lindstrom in 1999, but these authors also provided evidence on the different caffeine-

to-theobromine affinity ratios measured for striatum compared with cortex A; receptor
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antagonism (theobromine was found to be 4.7 and 11.8 times less active than caffeine,
respectively). With this work, the authors concluded that neither of the methylxanthines
studied had showed any selectivity for a specific type of adenosine receptor (51).
Finally it is also important to acknowledge that theobromine penetrates the brain to a

lesser extent than caffeine (39).

A, Striatum A; Striatum A; Cortex
Caffeine 8,556 (6,468-11,312) 20,490 (11,809-34,837) 16,643 (9,871-27,962)

Theobromine 109,048 (19,483-577,561) 196,505 (66,964-158,474) 197,000 (167,600-234,300)

Table 2) Potency of caffeine and theobromine to displace CGS 21680 (adenosine receptor agonist) from
adenosine receptors. Results are given as Ki values in nM (mean and 95% confidence interval). Adapted
from (51).

These different affinities for different receptor types may then explain the

alternative effects of caffeine and theobromine.

Given all this evidence, the role theobromine on chocolate consumption
cognitive effects seems to be rather limited. However, the identification of potential risk
and protective factors, such as the consumption of theobromine-enriched products like
chocolate, should be targeted as vital for the prevention of neurodegenerative disorders.

Main goal

In this present study we aim to assess the association between chocolate
consumption and cognitive decline. The hypothesis that chocolate could decrease the
incidence of cognitive decline by at least 2 points in the score of a widely used cognitive
test, the MMSE, was specifically tested in participants aged 65 and over.

! This work is based on the data already collected for a wider research, the EPIPorto study. My
personal contribution focused on the aspects mentioned above and was adapted to match the

demands of the Medicine Master’s Final Essay.
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Methods

Study population

This study was based on the evaluation of a cohort of adults living in Porto, as
previously described (36). Briefly, a total of 2485 participants were recruited between
1999 and 2003, by random digit dialling having households as the sampling unit; when
a household was selected, all residents were identified by age and gender, and one
resident (aged 18 or more years) was randomly selected as the respondent, without
replacement if there was a refusal. The participation rate was 70%. A visit to the
Department of Clinical Epidemiology, Predictive Medicine and Public Health of Porto
Medical School (former Department of Hygiene and Epidemiology of Porto Medical
School) was scheduled by telephone according to the participant’s convenience. A
personal interview, using a structured questionnaire comprising data on socio-
demographic, clinical, and lifestyle exposures, and a physical examination was
performed by trained interviewers. From the whole cohort, 648 participants were aged
65 and over and 531 were selected for the present study, after exclusion of 62
cognitively impaired at baseline (the criteria used to define cognitive impairment is
defined below), 32 for whom there was no baseline MMSE, and 23 for whom there was

no information on chocolate or caffeine intake.

Follow-up evaluation

The follow-up evaluation of the cohort took place between 2005 and 2008. A
visit to the Porto Medical School was scheduled, for questionnaire evaluation and

physical examination of the participants.

Cognitive testing

The MMSE (52,53) was used to assess global cognitive function at baseline and
at follow-up. The MMSE, which includes questions on orientation, registration,
attention and calculation, recall, language and visual construction, was originally
designed for clinical practice, but is now extensively used in epidemiological studies.
Although it does not assess executive function, a major feature of cognitive decline
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(52), the MMSE s a reliable and valid test for cognitive impairment, has high test-retest
reliability, and is a good indicator of clinically significant cognitive decline (54). The
cut-off values adjusted for education levels were used as proposed in other studies
(55,56). The normative cut-off values of MMSE adjusted for education for the
Portuguese population were used (53). Subjects that had a MMSE score below cutoff at
baseline were considered to be cognitively impaired and therefore excluded.
Participants had to score above 15 if they were illiterate, above 22 if they had < 11 years

of education, and above 27 if they had > 11 years of education.

A decline of at least 2 points in the score of the MMSE from baseline to the

follow-up visit was considered meaningful from a clinical point of view (35).

Chocolate dietary intake

Dietary habits in the 12 months preceding the baseline interview were evaluated
using a semi-quantitative food frequency questionnaire (FFQ) comprising 82 food and
beverage items or groups. It was designed according to Willett et al. (57), and was
adapted by inclusion of a variety of typical Portuguese food items and validated as
previously described. For each FFQ item, subjects were asked the average frequency of
consumption and the portion size usually consumed (based on a photograph manual
with small, medium and large portion sizes). This information was used to estimate the
average daily intake of each item by multiplying the usual frequency of intake per day
by the average portion size of the corresponding item. The food items/groups of the
FFQ used to address chocolate overall consumption were chocolate bars, chocolate

snacks and cocoa powder.

Socio-demographic, clinical and other behavioural factors

The assessment of socio-demographic, clinical and other behavioural factors was

previously described in detail (36) and is briefly described in footnotes of table 1.
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Statistical analysis

Data analysis was conducted in 309 subjects who at baseline were aged 65 or
more and had a MMSE not compatible with cognitive impairment, and who were re-
evaluated. Comparison of the baseline characteristics between subjects that were
followed, died or were lost to follow up was done using the Chi-Square or the Kruskal-

Wallis tests, as appropriate, to compare all groups.

The association between chocolate intake and the development of cognitive
impairment was quantified through crude and age-, education-, body mass index,
diabetes-, hypertension-, smoking- and alcohol drinking-adjusted relative risks (RR) and
respective 95% confidence intervals (95%CI) using Poisson regression. Data were

analysed using STATA®, version 11.

Decline in cognitive performance was defined as a decrease of at least two
points on the MMSE from the baseline assessment to follow up and impairment in
cognitive performance was defined based on normative cut-off values of MMSE

adjusted for education for the Portuguese population.

Ethics

This study was approved by a local Ethics Committee, and all participants gave

written informed consent.
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Results

Among the 531 participants that were eligible, 309 (58.2%) completed the
follow-up evaluation (median follow-up: 48 months), 58 (10.9%) died before follow-up
could be accomplished and there were 164 (30.9%) losses to follow-up. Participants
who died during the follow up period were more likely to be older, hypertensive, to
have a lower BMI, and worse MMSE score. No statistically significant differences
between the groups were found regarding education, smoking, alcohol, diabetes and

caffeine or chocolate consumption (Table 3).

Chocolate intake was independently associated with a nearly 40% lower risk of
cognitive decline, defined as AMMSE<-2 between baseline and follow-up. The RR
estimates were similar for the different levels of chocolate consumption analysed,
though only statistically significant for participants with an average weekly
consumption of chocolate lower than one standard portion, corresponding to three
pieces of chocolate bar, one chocolate snack or one table spoon of cocoa powder (Table
4). Chocolate intake was not significantly associated with a decreased risk of cognitive

impairment defined as abnormal MMSE score at follow-up (Table 4).
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Table 3) Socio-demographic, clinical and behavioural characteristics of the cohort.

Followed in Deceased during Not followed in
2005-2008 follow-up 2005-2008 P
(n=309) (n=58) (n=164)
Sex (% women) 58.6 44.8 63.4 0.047
Age (years)* 70 (67-74) 74 (69-79) 72.5 (69-76) <0.001
Age (% =75 years) 20.71 46.55 34.76 <0.001
Education (years)” 4 (4-8) 4 (4-7) 4 (3-7) 0.3459
Education (%)
Iliterate 6.5 5.1 9.1

<12 years 79.2 81.0 78.1 0.801

>12 years 14.2 13.8 12.8
Body mass index (Kg/m?)” 27.8 (25.0-29.9) 26.2 (22.4-30.1) 27.5 (24.7-30.7) 0.1651
Body mass index (%)

<25.0 Kg/m® 24.59 41.07 25.79

25.0-29.9 Kg/m? 50.49 33.94 40.88 0.019

>30.0 Kg/m? 24.92 25.00 33.33
Smoking (% ever smokers) 34.0 43.1 26.2 0.055
Alcohol drinking (% ever drinkers) 86.1 82.8 85.9 0.796
Hypertension (%) 79.7 90.7 90.5 0.004
Diabetes (%) 12.0 175 13.4 0.515
MMSE* 28 (27-29) 28 (25-29) 27.5 (25.5-29) 0.008
Caffeine intake (mg/day)* 32.8 (10.6-78.8) 33.9 (13.9-78.9) 32.1 (13.6-78.8) 0.840
Chocolate intake (% consumers) 40.1 414 39.6 0.973

* Results are presented as median (percentile 25-percentile 75).
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Table 4) Association between chocolate consumption and cognitive decline (AMMSE< -2) or development of cognitive impairment*.

A MMSEZ< -2 Cognitive impairment*
Follow-up RR (95% CI) Follow-up RR (95% CI)
PM v’\::?h Zt?izcr;[]se Crude Adjusted * PM vl;:'?h Zt?igﬁse Crude Adjusted *

Chocolate consumer

No 9516 72 1 [reference] 1 [reference] 9516 13 1 [reference] 1 [reference]

Yes 7128 31 0.57 (0.37-0.87)  0.59 (0.38-0.92) 7128 9 0.92 (0.39-2.16) 0.96 (0.39-2.35)
Chocolate intake

No intake 9516 72 1 [reference] 1 [reference] 9516 13 1 [reference] 1 [reference]

< 1 portiont / week 4668 21 0.59 (0.37-0.97)  0.57 (0.34-0.94) 4668 6 0.94 (0.36-2.48)  1.03(0.37-2.82)

> 1 portiont / week 2460 10 0.54 (0.28-1.04)  0.65 (0.33-1.31) 2460 3 0.89 (0.25-3.13) 0.85 (0.22-3.22)

RR — Relative risk; 95% CI — 95% Confidence interval; PM — Person months; MMSE — Mini-Mental State Examination; A — MMSE at follow-up - MMSE at baseline.

* The normative cut-off values of MMSE adjusted to the education for the Portuguese population were used. Subjects were classified as cognitively impaired at follow-up when having a MMSE
score below 16 if they were illiterate, 23 if they had < 11 years of education, 28 if they had > 11 years of education.

& adjusted for age (continuous), education (continuous), body mass index — BMI (continuous), diabetes, hypertension, smoking (never/ever), and alcohol drinking (never/ever). Hypertension,
diabetes, IMC, tobacco and alcohol consumption were assessed as previously described (36). Arterial hypertension was defined as systolic blood pressure >140 mmHg and/or diastolic blood
pressure >90 mmHg and/or current antihypertensive drug therapy (58). Participants on anti-diabetic therapy and/or with fasting plasma glucose concentrations >126 mg/dL and/or diagnosed with
diabetes by a health professional were considered to have diabetes mellitus (59). Body mass index (BMI) was calculated as weight (kg) divided by squared height (m?), and further divided into
the following categories (60): obese (>30 kg/m?), overweight (25.0-29.9 kg/m?), normal and underweight (<24.9 kg/m?). Regarding smoking habits and the consumption of alcoholic beverages,
subjects were categorized in never- and ever-smokers and never- and ever-drinkers.

T one standard portion corresponds to three pieces of chocolate bar, one chocolate snack or one table spoon of cocoa powder.
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Discussion

Our results suggest that the consumption of chocolate has a protective effect on
cognitive decline in elderly patients, as defined by the decrease in two or more points in
the MMSE.

To the best of our knowledge, no other observational studies have specifically
addressed the long-term effect of chocolate consumption on cognitive decline in
humans. As stated before, most studies are generally focused on the intake of
antioxidant and flavonoid compounds present in chocolate or cocoa, rather than
chocolate intake itself or its methylxanthine content (21,23,61-63), making it hard to
establish direct relations between this and other studies. Furthermore, most studies deal
with the acute (22,24,27,31) and sub-acute (26,30,31) cognitive enhancing effects of
both flavonoids and methylxanthines and not the potential protective chronic results we
addressed in the present study. Outcomes on cognitive function were also various across
all studies, and only some have utilized the MMSE (23,30). Nonetheless, it is possible
to relate the conclusions on the present work to some of these studies, since higher
content of cocoa in chocolate products relates both to its flavonoid, methylxanthine and

theobromine concentration.

There are many possible explanations for the positive effects that have been
documented and proposed until this day and some of those may still hold theobromine

at a key spot.

Alternative mechanisms of action

Despite acting primarily as an adenosine receptor antagonist, theobromine
participates in three other mechanisms: regulation of intracellular calcium level,
phosphodiesterase inhibition and modulation of GABAA receptor activity. In fact, high
doses of methylxanthines, probably achieved through the use of supplements, have
different actions in other targets, such as interacting with DNA and altering its structure
(64). However, in the doses normally consumed, these effects are probably irrelevant

(4).
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Different susceptibility to methylxanthine effects may also be important in this
context. Unfortunately, current studies have failed to validate clear relationships
between gene variants, caffeine intake, and phenotypes, information that might help

solve this question (65).

One other alternative mechanism of action is the interaction of theobromine with
A3 receptors. There is no record of theobromine being tested on A3 receptors, but
similar compounds such as caffeine and theophylline seem to display very low affinity
for these targets (66).

It is also interesting to note that antagonists may have different blockade
potencies for the same type of receptors. This usually depends on their location in
specific cells or in specific locations inside the cells (67). One possible explanation for
theobromine effect is that it acts preferably in specific adenosine receptors, which not
only might explain its effect on cognition, but also its differential effects compared to

caffeine (for example, its pro-sleep effect against caffeine’s insomnia effect (68)).

Finally, the positive interaction with other compounds should not be excluded.
For example, the interaction with flavonoids is certainly of the most high interest, as
Jalil et al. recognized when they suggested that there may be direct or indirect
synergism between flavonoids and methylxanthines (69).

Limitations of this study

As in other studies, some methodological issues oblige us to be cautious about
the conclusions we presented in this work. We will discuss some of them and suggest

improvements for better study modeling in the future.

Initially, we desired to relate theobromine intake to cognitive decline, but this
was not possible. The necessity of successive estimates for the calculation of
theobromine intake (based on the data collected from the FFQ) was perceived to result
in a probably excessive margin of error. Because of this limitation, we decided to focus

on chocolate intake, data we could access directly from the FFQ.

In fact, a common limitation in dietary studies is the error in the estimates of

nutrients. If the types of certain foods are not specified (i.e. dark chocolate vs milk
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chocolate), it is possible to over or underestimate true associations with outcomes (70).
In the case of chocolate, there is a wide variety on theobromine concentration among
different types of chocolate and the theobromine/caffeine ratio has also been observed
to be highly variable: from 1,9 to 10,6 (71). One other limitation was that the FFQ was
not designed specifically for the assessment of chocolate and theobromine consumption.
Future studies might need to have a more focused design, with a better FFQ that is able

to address more precisely and accurately the consumption of cocoa-related products.

Product Portion size” Concentration (mg per portion)

Chocolate, dark 0g 378 (237 519)"; 221°

Chocolate, milk 50 ¢ 95 (65 160)"; 94°

Cocoa powder 10 g 189 (146 266)"; 203¢; 260¢
206 (178 240)° 263 (219 284)"

Tea (regular, bag) 230 ml 3.1(1.4 4.4)>¢

Coffee (filter/percolated) 7.6 g/200 ml 0.3(0.3 0.3)h

Coffee (instant) 1.6 g/200 ml 0.2 (0.1 0.5)°

Cola drinks Can (330 ml) ND"

ND not detected

“MAFF (1988)

"MAFF (1998); figures recalculated using comments in Annex C of this reference where appro
priate

“Craig and Nguyen (1984)

“Risner (2008)

“Bonvehi and Coll (2000)

De Vries et al. (1981)

£This is in accord with values of first brew in Hicks et al. (1996).

"Dried kola nut contains 0.05 0.10% theobromine (Souci et al. 1981; see also Duke 1992 in
Burdock et al. 2009)

Table 5) Theobromine content of various products. From (6).

Our results only pointed for a protective effect of chocolate consumption in
subjects with an average weekly consumption of chocolate lower than one standard
portion. Despite the relatively high number of participants, is possible that a higher level
of participation could have contributed for the better understanding of the dose-effect
relation. In fact, this is an inherent problem of observational studies of this kind: for
them to reveal strong conclusions, they require a large number of subjects and a long

follow-up period.

MMSE is a well-know and established method to address cognitive functioning.

However, it might be interesting to explore other ways of assessing this outcome and
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the effects of the different methylxanthine compounds. For example,
electrophysiological outcomes such as Cortical Silent Period has been proposed to work
as surrogate marker of the effect of caffeine in the brain (72). Not only may this
improved outcome assessment, it may also improve the selection of participants for
future studies, through the use of specific markers that signal individual susceptibility to
develop certain pathological processes.

Finally, it is also important to acknowledge the variety of confounding unknown
lifestyle factors and the possible presence of substances that alter the effects we have
proposed to measure. This topic deserves special attention, and must be addressed with
thorough study design. For example, as alerted in other studies, moderate coffee
drinking may be related with healthy and social lifestyles that confer part of the
protective effects or some medical conditions may be overrepresented and negatively

affect cognitive functions (73).

Conclusions and insights for the future

The present work opens a pathway for more deep and focused research on the
effects of chocolate consumption and theobromine intake on the prevention of cognitive
decline. More and better studies for the short and long term effect of chocolate

consumption are needed.

Larger-scale, well designed studies that enlarge the body of knowledge available
are to be promoted. The assessment of different populations and of alternative dosage
regimens that vary in terms of their flavonoid and methylxanthine content should allow
for the expansion of the evidence on this topic, such as the possible synergic interaction
between these two groups of compounds. The development of consensual criteria for
the definition of outcomes as well as the creation of categories and types of exposure

might be useful for the better design of future epidemiological studies.

The findings in the present work should also be confirmed through bigger
prospective cohort studies, which could detect a possible dose-dependent relation of the

protective effect of chocolate consumption and/or theobromine.
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In conclusion, over the last decades our understanding of chocolate effect on
both physical and mental health has progressed remarkably. Methylxanthines have
shown to play a key role on the neurocognitive aspects regarding the consumption of
cocoa-related products. Theobromine, once a widely dismissed compound, has now
become a potential player on the subject and has deserved a new found interest on its
neuropharmacological effects. With chocolate being generally the main supplier of
theobromine to the human diet, there is a clear incentive for the study of alternative way
of delivering its active compounds and for the thorough research on its effect on the
prevention of cognitive decline and even the development of neurodegenerative diseases
such as AD.

29






Acknowledgements

I would like to thank to Professor Alexandre de Mendoncga, who challenged me to
explore this interesting subject and whose expert support and advice has been crucial for

the success of this work.

I would like to thank to Professor Maria José Diogenes, for the irreplaceable inputs and

comments that allowed for a systematic, complete and motivated approach on the topic.

I would like to thank to Professor Nuno Lunet, from the Department of Clinical
Epidemiology, Predictive Medicine and Public Health of Porto Medical School, for the
essential assistance in the statistical analysis and for the helpful discussions and

contributions on the work.

Finally, I would like to thank to my family and close friends, for their deep interest in
my work and for their encouragement throughout this important stage of my academic
life.

31






References

10.

11.

12.

Martinez-Pinilla E, Ofatibia-Astibia A, Franco R. The relevance of theobromine
for the beneficial effects of cocoa consumption. Front Pharmacol.
2015;6(February):1-5.

De Araujo QR, Gattward JN, Almoosawi S, Costa Silva MDGCP, Dantas PADS,
Junior QRDA.. Cacao and Human Health: from Head to Foot — A Review. Crit
Rev Food Sci Nutr. 2013;(February 2014):DOI: 10.1080/10408398.2012.657921.

Anddjar I, Recio MC, Giner RM, Rios JL. Cocoa polyphenols and their potential
benefits for human health. Oxid Med Cell Longev. 2012;2012.

Franco R, Ofatibia-Astibia A, Martinez-Pinilla E. Health benefits of
methylxanthines in cacao and chocolate. Nutrients. 2013;5(10):4159-73.

Crews Jr WD, Harrison DW, Gregory KP, Kim B, Darling AB. The Effects of
Cocoa- and Chocolate-Related Products on Neurocognitive Functioning.
Nutrition and Health. 2013. p. 369-79.

Smit HJ. Theobromine and the Pharmacology of Cocoa. In: Fredholm BB, editor.
Handbook of Experimental Pharmacology. Berlin: Springer-Verlag; 2011. p.
201-34.

Smit HJ, Gaffan E a., Rogers PJ. Methylxanthines are the psycho-
pharmacologically active constituents of chocolate. Psychopharmacology (Berl).
2004;176(3-4):412-9.

Baggott MJ, Childs E, Hart AB, De Bruin E, Palmer AA, Wilkinson JE, et al.
Psychopharmacology of theobromine in healthy volunteers. Psychopharmacology
(Berl). 2013;228(1):109-18.

Costa J, Lunet N, Santos C, Santos J, Vaz-Carneiro A. Caffeine exposure and the
risk of Parkinson’s disease: a systematic review and meta-analysis of
observational studies. J Alzheimers Dis. 2010;20 Suppl 1:5221-38.

Maia L, de Mendonga A. Does caffeine intake protect from Alzheimer’s disease?
Eur J Neurol. 2002;9:377-82.

Santos C, Costa J, Santos J, Vaz-Carneiro A, Lunet N. Caffeine intake and
dementia: Systematic review and meta-analysis. J Alzheimer’s Dis.
2010;20(SUPPL.1):187-204.

Espinosa J, Rocha A, Nunes F, Costa MS, Schein V, Kazlauckas V, et al.
Caffeine consumption prevents memory impairment, neuronal damage, and
adenosine A2A receptors upregulation in the hippocampus of a rat model of
sporadic dementia. J Alzheimer’s Dis. 2013;34:509-18.

33



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

34

Canas PM, Porcitncula LO, Cunha GM a, Silva CG, Machado NJ, Oliveira JM a,
et al. Adenosine A2A receptor blockade prevents synaptotoxicity and memory
dysfunction caused by beta-amyloid peptides via p38 mitogen-activated protein
kinase pathway. J Neurosci. 2009;29(47):14741-51.

Arendash GW, Schleif W, Rezai-Zadeh K, Jackson EK, Zacharia LC, Cracchiolo
JR, et al. Caffeine protects Alzheimer’s mice against cognitive impairment and
reduces brain beta-amyloid production. Neuroscience. 2006 Nov 3;142(4):941—
52.

Hampel H, Frank R, Broich K, Teipel SJ, Katz RG, Hardy J, et al. Biomarkers
for Alzheimer’s disease: academic, industry and regulatory perspectives. Nat Rev
Drug Discov [Internet]. Nature Publishing Group; 2010;9(7):560—74. Available
from: http://dx.doi.org/10.1038/nrd3115

Travassos M, Santana |, Baldeiras I, Tsolaki M, Gkatzimad O, Genc S, et al.
Does caffeine consumption modify CSF amyloid beta levels in patients with
Alzheimer’s disease? J Alzheimer’s Dis.

Rozan P, Hidalgo S, Nejdi a., Bisson JF, Lalonde R, Messaoudi M. Preventive
antioxidant effects of cocoa polyphenolic extract on free radical production and
cognitive performances after heat exposure in Wistar rats. J Food Sci.
2007;72(3):2-5.

Bisson J-F, Nejdi A, Rozan P, Hidalgo S, Lalonde R, Messaoudi M. Effects of
long-term administration of a cocoa polyphenolic extract (Acticoa powder) on
cognitive performances in aged rats. Br J Nutr. 2008;100(1):94-101.

Scholey A, Owen L. Effects of chocolate on cognitive function and mood: A
systematic review. Nutr Rev. 2013;71(10):665-81.

Sokolov AN, Pavlova M a., Klosterhalfen S, Enck P. Chocolate and the brain:
Neurobiological impact of cocoa flavanols on cognition and behavior. Neurosci
Biobehav Rev. Elsevier Ltd; 2013;37(10):2445-53.

Nehlig A. The neuroprotective effects of cocoa flavanol and its influence on
cognitive performance. Br J Clin Pharmacol. 2012;75(3):716-27.

Field DT, Williams CM, Butler LT. Consumption of cocoa flavanols results in an
acute improvement in visual and cognitive functions. Physiol Behav. 2011;103(3-
4):255-60.

Nurk E, Refsum H, Drevon CA, Tell GS, Nygaard HA, Engedal K, et al. Intake
of Flavonoid-Rich Wine , Tea , and Chocolate by Elderly Men and Women Is
Associated with Better Cognitive Test Performance. J Nutr. 2009;139(1):120-7.

Scholey AB, French SJ, Morris PJ, Kennedy DO, Milne AL, Haskell CF.
Consumption of cocoa flavanols results in acute improvements in mood and
cognitive performance during sustained mental effort. J Psychopharmacol.
2010;24(10):1505-14.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Camfield DA, Scholey A, Pipingas A, Silberstein R, Kras M, Nolidin K, et al.
Steady state visually evoked potential (SSVEP) topography changes associated
with cocoa flavanol consumption. Physiol Behav. 2012;105(4):948-57.

Crews WD, Harrison DW, Wright JW. A double-blind, placebo-controlled,
randomized trial of the effects of dark chocolate and cocoa on variables
associated with neuropsychological functioning and cardiovascular health:
Clinical findings from a sample of healthy, cognitively intact older adu. Am J
Clin Nutr. 2008;87(4):872-80.

Francis ST, Head K, Morris PG, Macdonald IA. The effect of flavanol-rich cocoa
on the fMRI response to a cognitive task in healthy young people. J Cardiovasc
Pharmacol. 2006;47 Suppl 2:5215-20.

Mitchell ES, Slettenaar M, vd Meer N, Transler C, Jans L, Quadt F, et al.
Differential contributions of theobromine and caffeine on mood, psychomotor
performance and blood pressure. Physiol Behav. Elsevier Inc.; 2011;104(5):816—
22.

Desideri G, Kwik-Uribe C, Grassi D, Necozione S, Ghiadoni L, Mastroiacovo D,
et al. Benefits in cognitive function, blood pressure, and insulin resistance
through cocoa flavanol consumption in elderly subjects with mild cognitive
impairment: The cocoa, cognition, and aging (CoCoA) study. Hypertension.
2012;60(3):794-801.

Mastroiacovo D, Kwik-uribe C, Grassi D, Necozione S, Raffaele A, Pistacchio L,
et al. Cocoa flavanol consumption improves cognitive function, blood pressure
control, and metabolic profile in elderly subjects: the Cocoa, Cognition, and
Aging (CoCoA) Study - a randomized controlled trial. 2015;538-48.

Massee LA, Ried K, Pase M, Travica N, Yoganathan J, Scholey A, et al. The
acute and sub-chronic effects of cocoa flavanols on mood , cognitive and
cardiovascular health in young healthy adults : A randomized , controlled trial.
Front Pharmacol. 2015;6:93.

Arendash GW, Cao C. Caffeine and coffee as therapeutics against Alzheimer’s
disease. J Alzheimer’s Dis. 2010;20:117-26.

Cao C, Cirrito JR, Lin X, Wang L, Verges DK, Dickson A, et al. Caffeine
suppresses B-amyloid levels in plasma and brain of Alzheimer’s transgenic mice.
J Alzheimer’s Dis. 2009;17(3):681-97.

Haller S, Rodriguez C, Moser D, Toma S, Hofmeister J, Sinanaj I, et al. Acute
caffeine administration impact on working memory-related brain activation and
functional connectivity in the elderly: A BOLD and perfusion MRI study.
Neuroscience. 2013;250:364-71.

Ritchie K, Carriere 1, de Mendonca a, Portet F, Dartigues JF, Rouaud O, et al.
The neuroprotective effects of caffeine: a prospective population study (the Three
City Study). Neurology. 2007;69(6):536—45.

35



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

36

Santos C, Lunet N, Azevedo A, De Mendonca A, Ritchie K, Barros H. Caffeine
intake is associated with a lower risk of cognitive decline: A cohort study from
Portugal. J Alzheimer’s Dis. 2010;20(SUPPL.1):175-85.

Ritchie K, Artero S, Portet F, Brickman A, Muraskin J, Beanino E, et al.
Caffeine, cognitive functioning, and white matter lesions in the elderly:

Establishing causality from epidemiological evidence. J Alzheimer’s Dis.
2010;20(SUPPL.1):161-7.

Chen JF, Sonsalla PK, Pedata F, Melani A, Domenici MR, Popoli P, et al.
Adenosine A2A receptors and brain injury: Broad spectrum of neuroprotection,

multifaceted actions and “fine tuning” modulation. Prog Neurobiol.
2007;83(5):310-31.

Snyder SH, Katims JJ, Annau Z, Bruns RF, Daly JW. Adenosine receptors and
behavioral actions of methylxanthines. Proc Natl Acad Sci U S A.
1981,78(5):3260-4.

Gates S, Miners JO. Cytochrome P450 isoform selectivity in human hepatic
theobromine metabolism. Br J Clin Pharmacol. 1999;47(3):299-305.

Mumford GK, Evans SM, Kaminski BJ, Preston KL, Sannerud C a., Silverman
K, et al. Discriminative stimulus and subjective effects of theobromine and
caffeine in humans. Psychopharmacology (Berl). 1994;115(1-2):1-8.

Mumford GK, Benowitz NL, Evans SM, Kaminski BJ, Preston KL, Sannerud C
a., et al. Absorption rate of methylxanthines following capsules, cola and
chocolate. European Journal of Clinical Pharmacology. 1996. p. 319-25.

Hofmann FB, Beavo J a, Busch A, Ganten D, Michel MC, Page CP, et al.
Handbook of Experimental Pharmacology: Methylxanthines. Fredholm BB,
editor. 2011. 1-10 p.

Arnaud MJ. Pharmacokinetics and metabolism of natural methylxanthines in
animal and man. Handbook of Experimental Pharmacology. 2011. p. 33-91.

Lelo a, Birkett DJ, Robson R a, Miners JO. Comparative pharmacokinetics of
caffeine and its primary demethylated metabolites paraxanthine, theobromine and
theophylline in man. Br J Clin Pharmacol. 1986;22(2):177-82.

Balogh A, Harder S, Vollandt R, Staib AH. Intra-individual variability of
caffeine elimination in healthy subjects. Int J Clin Pharmacol Ther Toxicol.
1992;30(10):383-7.

Miners JO, Attwood J, Wing LMH, Birkett DJ. Influence of cimetidine,
sulfinpyrazone, and cigarette smoking on theobromine metabolism in man. Drug
Metab Dispos. 1985;13(5):598-601.

Faber MS, Fuhr U. Time response of cytochrome P450 1A2 activity on cessation
of heavy smoking. Clin Pharmacol Ther. 2004;76(2):178-84.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kalow W, Tang BK. Use of caffeine metabolite ratios to explore CYP1A2 and
xanthine oxidase activities. Clin Pharmacol Ther. 1991;50(5 Pt 1):508-19.

Daly JW, Butts-Lamb P, Padgett W. Subclasses of adenosine receptors in the
central nervous system: interaction with caffeine and related methylxanthines.
Cell Mol Neurobiol. 1983;3(1):69-80.

Fredholm BB, Lindstrom K. Autoradiographic comparison of the potency of
several structurally unrelated adenosine receptor antagonists at adenosine Al and
A(2A) receptors. Eur J Pharmacol. 1999;380(2-3):197-202.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189-98.

Guerreiro M, Silva A, Botelho M, Leitéo O, Castro-Caldas A, Garcia C.
Adaptacao a populacao portuguesa da traducao do Mini Mental State
Examination (MMSE). Rev Port Neurol. 1994;1(9):9-10.

Tombaugh TN, Mclintyre NJ. The mini-mental state examination: a
comprehensive review. Journal of the American Geriatrics Society. 1992. p. 922—
35.

Uhlmann RF., Larson EB. Effect of education on the mini-mental state
examination as a screening test for dementia. J Am Geriatr Soc. 1991;39(9):876—
80.

Ostrosky-Solis F, Lopez-Arango G, Ardila a. Sensitivity and specificity of the
Mini-Mental State Examination in a Spanish-speaking population. Appl
Neuropsychol. 2000;7(1):25-31.

Willett W. Food frequency methods. Nutritional Epidemiology. New York:
Oxford University Press; 1998. p. 74-100.

Chobanian A, Bakris G, Black H. Seventh report of the joint national committee
on prevention, detection, evaluation, and treatment of high blood pressure. Jama.
2003.

World Health Organization. Diabetes mellitus: report of a WHO study group.
Technical report Series 727. Geneva; 1985.

Clinical guidelines on the identification, evaluation, and treatment of overweight
and obesity in adults: executive summary. By the Expert Panel on the
Identification Evaluation and Treatment of Overweight in Adults. Am J Clin
Nutr. 1998;68(4):899-917.

Kalmijn S, Feskens EJ, Launer LJ, Kromhout D. Polyunsaturated fatty acids,

antioxidants, and cognitive function in very old men. Am J Epidemiol.
1997;145(1):33-41.

37



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

38

Letenneur L, Proust-Lima C, Le Gouge a., Dartigues JF, Barberger-Gateau P.
Flavonoid intake and cognitive decline over a 10-year period. Am J Epidemiol.
2007;165(12):1364-71.

McShea A, Ramiro-Puig E, Munro SB, Casadesus G, Castell M, Smith M a.
Clinical benefit and preservation of flavonols in dark chocolate manufacturing.
Nutr Rev. 2008;66(11):630-41.

Johnson IM, Prakash H, Prathiba J, Raghunathan R, Malathi R. Spectral Analysis
of Naturally Occurring Methylxanthines (Theophylline, Theobromine and
Caffeine) Binding with DNA. PLoS One. 2012;7(12).

Thorn CF, Aklillu E, McDonagh EM, Klein TE, Altman RB. PharmGKB
summary: caffeine pathway. Pharmacogenet Genomics. 2012;29(6):997-1003.

Fredholm BB, Irenius E, Kull B, Schulte G. Comparison of the potency of
adenosine as an agonist at human adenosine receptors expressed in Chinese
hamster ovary cells. Biochem Pharmacol. 2001;61(4):443-8.

Orru M, BakeSova J, Brugarolas M, Quiroz C, Beaumont V, Goldberg SR, et al.
Striatal pre- and postsynaptic profile of adenosine a2a receptor antagonists. PL0oS
One. 2011;6(1).

Grandner M, Jackson N, Gerstner J, Knutson K. Dietary nutrients associated with
short and long sleep duration. Data from a nationally representative sample.
Appetite. 2013;64:71-80.

Jalil a. MM, Ismail A. Polyphenols in cocoa and cocoa products: Is there a link
between antioxidant properties and health? Molecules. 2008;13(9):2190-2109.

Luchsinger J a, Mayeux R. Dietary factors and Alzheimer’s disease. Lancet
Neurol. 2004;3(October):579-88.

Trognitz B, Cros E, Assemat S, Davrieux F, Forestier-Chiron N, Ayestas E, et al.
Diversity of Cacao Trees in Waslala, Nicaragua: Associations between Genotype
Spectra, Product Quality and Yield Potential. PLoS One. 2013;8(1).

De Carvalho M, Marcelino E, De Mendonga A. Electrophysiological studies in
healthy subjects involving caffeine. J Alzheimer’s Dis. 2010;20(SUPPL.1):9-13.

Panza F, Solfrizzi V, Barulli MR, Bonfiglio C, Guerra V, Osella A, et al. Coffee,
tea, and caffeine consumption and prevention of late-life cognitive decline and
dementia: a systematic review. 2015;19(3).



