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Introduction: Foods rich in polyphenols have been positively correlated to a reduced risk of several
noncommunicable diseases, including Alzheimer’s disease (AD). The aim of this systematic review
was to collect and evaluate all the relevant studies on the beneficial effects of polyphenols on AD.
Methods: Studies have been collected through a systematic search on two databases: PubMed and
Web of Science. Both randomized controlled trials (RCTs) and observational studies with human sub-
jects were included.

Results: A total of 24 studies were included in this review. Twelve studies found a positive correla-
tion with reduced cognitive decline. Five studies did not find any correlation and seven studies re-
ported mixed results. No conclusive evidence was found for phenolic acids and flavonoids.
Discussion: This systematic review did not find sufficient evidence to confirm that polyphenols have
beneficial effects against AD. Further RCTs of human subjects would be necessary to complete the
results drawn from this research.

© 2019 Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Aging is a very complex process that alters an individ-
ual’s normal functioning over a long period of time [1]. It
involves deterioration of biological functions, especially
brain and cognitive functions. However, when this deteriora-
tion goes beyond what is expected from normal aging, it af-
fects memory, thinking, orientation, comprehension,
calculation, learning capacity, language, and judgment.
This is what happens in individuals with Alzheimer’s disease
(AD). The condition worsens over the years, to the point that
individuals affected by it experience physiological and
behavioral changes. Dementia and AD are a growing public
health problem, with about 10 million new cases every year
worldwide [2].
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Because of the increase in the number of people growing
older and older, AD is at the center of the most recent re-
searches. Many studies have been conducted about its
possible causes and risk factors. However, much still re-
mains unknown about the mechanisms through which AD
develops. Currently there is no cure, and all treatment strate-
gies are focused on slowing down symptoms and managing
behavioral changes [3]. Thus, most research is focused on
finding potentially modifiable risk factors, such as diets,
which could play a role in the development of AD. Because
nutrients are important for everyday systemic functions, they
are being largely researched to find a link with the neurode-
generation that occurs in the brain of individuals affected by
AD. In fact, many nutrients play a role in biochemical reac-
tions and also operate as an energy source for activity [4].
For this reason, diet alterations directly affect the central ner-
vous system, with implications for the amyloid precursor
protein (APP) metabolism and neurodegeneration [4]. Fac-
tors related to dietary patterns considered significant are cal-
orie restrictions, antioxidants, hyperhomocysteinemia
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(hyper-tHcy), and the link between apolipoprotein APOEe4
genotype and cholesterol [4].

Researchers have studied the role of nutrition on AD from
the macroscopic to the microscopic perspective, from the
general level of nutrition to specific diets and nutrients. On
a macroscopic level, the main finding on which scientists
agree on is that both malnutrition and obesity have an impact
on AD [5]. In fact, patients with AD are often reported to be
malnourished, with a mean prevalence of 5% of malnour-
ished patients among those living at home [5]. They also
have a lower nutritional status at baseline (including signif-
icant weight loss and muscle depletion), which is thought to
indicate the progression of the disease [6]. At the same time,
obesity has been regarded as a determinant factor for the
development of AD [5]. A study with 6583 individuals
showed that the participants with the largest body waist
had a three-fold risk to develop AD, compared with partici-
pants with the smallest abdominal diameter [7]. Another
cohort study found that the risk ratio for dementia was
significantly high in obese subjects aged 30 to 39, whereas
it decreased steadily in subjects whose obesity decreased
as they aged [7].

Moreover, specific nutrients and vitamins have been
linked to the progression of AD. The effects of nutrients
on AD have been researched by several studies, which
have highlighted the importance of vitamins A, B, C, and
E [5]. However, reviews on the topic have showed that
only multivitamin combinations produced protective effects,
whereas supplements of one vitamin type alone rarely pro-
duced any noticeable impact [8]. In fact, all these vitamins
are characterized by being natural antioxidants, and there-
fore reducing oxidative stress and amyloid beta (A)-pep-
tide accumulations, which are thought to be the main
causes of aging and AD’s neurodegeneration [5]. However,
such effects seem to be significant only when a group of vi-
tamins is taken altogether [8].

Polyphenols also have antioxidant properties and several
animal studies have been conducted to assess the association
between foods rich in polyphenols and amyloid accumula-
tion and reduction of oxidative stress in patients with AD
[5]. A study by Hartman et al. [9] found that when given
as supplements to a group of mice, pomegranates, which
are very rich in polyphenols, reduced the risk for AD of
about 50%, compared with the mice control group. A study
by Kim et al. [10] based on a transgenic mouse model found
that resveratrol extracted from grapes reduced hippocampal
neurodegeneration and learning impairment.

The beneficial effects of polyphenols on the development
of AD are the focus of this study. This research is a system-
atic review on the protective properties of polyphenols on the
development of AD. The aim of this research is to collect all
the relevant studies on the association between polyphenols
and AD, and evaluate their evidence. Several reviews have
been conducted on the role of nutrition on AD and the effects
of certain diets and specific polyphenolic compounds on the
progression of this disease. However, these reviews included

also animal studies or were focused on a specific nutrient-
containing polyphenols, whereas no review has been con-
ducted on the overall effect of polyphenols on the base of hu-
man studies only. Because systematic reviews provide some
of the highest level of evidence on a subject, presenting a
conclusive work on this topic will be useful to guide further
research on the prevention and treatment of AD.

Therefore, this article aims to answer the following
research question: “Is there sufficient evidence that polyphe-
nols have beneficial effects for the prevention and treatment
of Alzheimer’s disease?” To answer the research question,
this article will first dive in the epidemiology and etiology
of AD, the role of polyphenols, and what is currently known
about them in Section 1. In Section 2, it will present the
methodology based on which the studies included in the re-
view will be selected and analyzed. This will be followed by
a descriptive summary of the results in Section 3 and a dis-
cussion in Section 4 where the findings are explained and
evaluated in terms of strengths and limitations.

1.1. Alzheimer’s disease

AD is a progressive neurodegenerative disorder, which is
known to develop clinically only in humans and unknown
in other mammalian species. It is one of the most common
forms of dementia accounting for about 60% to 70% of all
cases, and it causes interference with memory, thinking,
and behavior. AD is a chronic disease, which progresses
and worsens over several years. People living with AD can
live on average 8 years after the detection of symptoms, but
their survival rate may differ, reaching up to 20 years, depend-
ing on an individual’s age and other health conditions [11].

1.2. Stages and symptoms

Typically, three stages of AD are distinguished, although
the progression of the disease may be faster or slower de-
pending on the individual’s health history and personality
before becoming ill [2,3]. Early symptoms are short-term
memory loss, meaning difficulty remembering recent events,
general forgetfulness, and feeling lost in unfamiliar places
[11]. In later stages of the disease, more problems arise
that can seriously interfere with an individual’s life [3].
For instance, middle stage of AD usually presents symptoms
such as feeling lost at home, needing help with personal care,
forgetting family names, increasing difficulty with commu-
nication, experiencing repetition, and continuous question-
ing [2,11]. Late phase of AD includes symptoms such as
becoming unaware of time and place, difficulties carrying
out logical conversations, interact appropriately with the
physical and social environment, not recognizing family
members or remembering their names, difficulties
walking, and escalated behavior, which might also include
aggressive behavior [2,11].
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1.3. Epidemiology and risk factors

AD is estimated to affect nearly 15 million people world-
wide [12]. New cases increase steadily from 0.5% per year at
age 65 years to about 8% per year after age 85 years [12].
Because the survival rate of the disease is quite high, the
prevalence also increases from 3% at age 65 years to nearly
40% after age 85 years [12]. Aging is the greatest risk factor
for AD, and most people affected by the disease are older
than 65 years [2]. However, although aging is the strongest
known risk factor, AD is not an inevitable consequence of
aging [2,3]. In fact, about 9% of cases happen before the
age of 65 years and are classified as early onsets of AD [2,3].

In terms of risk factors, some studies have shown a rela-
tionship between the development of AD and other lifestyle
factors present in most noncommunicable diseases [12].
Shared risk factors are thought to be physical inactivity,
obesity, unhealthy diets, tobacco use and harmful use of
alcohol, diabetes, hypertension, and heart disease [12].
Yet, evidence for these relationships is not homogeneous,
and further studies are needed to establish a clear connection
between specific lifestyle-related risk factors and the devel-
opment of AD [12]. In terms of genetics, individuals who
had a first-degree relative affected by AD seem to be more
likely to develop the disease [3]. The APOE gene is thought
to be involved in this process [13]. One form of this gene,
APOE¢4, increases a person’s risk of developing the disease
and is also associated with an earlier age of onset [13]. How-
ever, carrying the gene does not necessarily mean devel-
oping the disease [3,13]. In fact, most genetic mechanisms
of AD among families has yet remained largely
unexplained. Finally, people with Down syndrome are
more likely to develop the disease, which usually happens
earlier than for most patients with AD [3].

Additional potentially modifiable risk factors include
depression, low educational attainment, social isolation,
and cognitive inactivity [3,13]. In addition, people who
have had a severe head trauma or head injury seem to have
a greater risk of AD [13]. Finally, women seem to be more
likely to develop AD, although this might also be because
of the fact that women generally live longer than men [3,13].

1.4. Etiology

Studies have shown that the primary contribution to aging
is a result of oxidative stress experienced during normal
metabolism. Oxidative stress that results from normal meta-
bolism is often accelerated or amplified by the interaction
with toxins in the environment, infections, and metabolic
processing of ingested food products. The accumulated by-
products generated by such processes can damage many
classes of molecules, and their potential impact is especially
evident on brain tissue. Therefore, these findings suggest
that oxidative stress constitutes the most important overall
mechanism in cellular aging [1]. Chronic inflammation is

also known to be important for the aging process and for
the etiology of AD [1].

Currently, scientists do not yet fully understand the spe-
cific causes of AD [13]. There is agreement, however, that
it is caused by a complex interplay between genetic and
environmental factors. In less than 0.5% of cases, AD is
caused by mutations in three genes, APP, presenilin 1
(PSEN1), and PSEN2. In this case, we talk about familial
AD (fAD), which usually has an earlier onset than for
most individuals, developing symptoms at age between 30
and 50 years. There are two main hypotheses that explain
the cause of AD, which are the amyloid hypothesis and tau
hypothesis [ 13]. These two hypotheses relate to two specific
hallmarks of the disease that develop abnormally when the
brain is affected by AD. These are plaques and tangles
[3,13]. Plaques are a group of protein called A, which dam-
ages and destroys brain cells [14]. For this reason, they are
thought to constitute one of the main causes of brain-cell
death in individuals with AD [14]. Abnormal tangles are,
instead, the result of a twist in the threads of tau protein,
which is at the head of an internal support and transportation
system that carry nutrients throughout the brain cells [14].

1.4.1. Amyloid hypothesis

Amyloid plaques are extracellular accumulations, mostly
composed of abnormally folded AP with 40 or 42 amino
acids (AP40 and AP42), two by-products of APP meta-
bolism [13]. Because of mutations in the APP or PSEN1
or PSEN2 genes, there is increased production of AP42
throughout life. The imbalance between AP production
and A clearance is therefore thought to be the main patho-
logic process. A oligomers have been reported to be the pri-
mary cause of synaptic dysfunction, damage to the dendritic
spines, and ultimately to cause neuronal death [13]. Fig. |
represents a visual summary of the amyloid hypothesis.

1.4.2. Tau hypothesis

The tau hypothesis claims that threads of tau protein
twist and tangle together, starting this way the neurodegen-
erative process of AD [13,14]. When tangles are formed
inside the bodies of nerve cells, the microtubules
disintegrate, destroying the structure of the cells [13].
This eventually leads to the collapse of the support and
transportation system, which tau protein threads are respon-
sible for. This causes interference and malfunction in the
communication between neurons and later it leads to
brain-cell death [13].

Most current reviews suggest that tau protein alone
does not cause AD and that both AP and tau protein ab-
normalities are required to provide an accurate diagnosis
of the disease [13]. Several studies have explored the pro-
gression and interaction of these two pathologies in vivo,
and have provided further evidence that amyloid pathol-
ogy develops many years before clinical symptoms,
whereas tau pathology develops later on leading to clin-
ical symptoms [13].
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1.5. Polyphenols and AD

Polyphenols are chemical compounds, a group of phyto-
chemicals found in several drinks such as green and black
teas and red wine, and several foods such as fruits, vegeta-
bles, chocolate, olive oil, and plants [16]. Some polyphenols
are specific to one food group, such as isoflavones, which are
specific to soya, whereas others, such as quercetin, are found
in all plant products [16]. Several molecules with a poly-
phenol structure have been found in thousands of plants.
These compounds may be classified into different groups
based on the function of the number of phenol rings that
they contain and on the structural elements that bind these
rings to one another. Accordingly, they are distinguished
into the following groups: phenolic acids, flavonoids, stil-
benes, and lignans [17]. Flavonoids themselves may be
divided into six subclasses depending on the type of ring

structure: flavonols, flavones, isoflavones, flavanones, antho-
cyanidins, and flavanols (catechins and proanthocyanidins)
[17]. They are considered beneficial to the development of
AD through several biological mechanisms [5]. These
include interaction with transition metals, inactivation of
free radicals, inhibition of inflammatory response, modula-
tion in the activity of different enzymes, and effects on intra-
cellular signaling pathways and gene expression [5,16].
They are natural antioxidants and are thought to play a
role in the prevention and treatment of several diverse
conditions [18]. Some of these conditions include obesity,
diabetes, osteoporosis, kidney and liver degeneration, cardi-
opathies, and geriatric diseases including AD [18]. The
strongest evidence of health-protective effects is for cardio-
vascular diseases [19]. On the contrary, the epidemiologic
evidence of health gains of polyphenols against cancer is still
limited and controversial [ 19]. There are two main processes

PSEMN1, PSEN2 or APP
Trisomy 21 EOAD mutations ABOEA
AB aggregation
Soluble
AP oligomers AR plagues

Synaptic Dysfunction

«— | Neuroinflammation

Widespread neuronal dysfunction
and death

Dementia with A} plaques,
tau tangles
and neuroinflammation

Fig. 1. Summary of the amyloid hypothesis [15]. Abbreviations: APOEe4, APOE genotype; APP, amyloid precursor protein; AB, amyloid beta; PSEN1, pre-
senilin; PSEN2, presenilin 2; EOAD, early-onset Alzheimer’s disease; NFTs, neurofibrilliary tangles.
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typical of polyphenols that interest AD’s development: anti-
oxidation and anti-inflammation mechanisms, which are the
two main processes involved in the aging mechanism [1].
Polyphenols are considered to have a protective effect
against inflammatory mechanisms and as such have been
linked to AD, as to many other chronic diseases including
diabetes, metabolic syndrome, and atherosclerosis [18].

2. Methodology

This systematic review included articles from two data-
bases, Pubmed and Web of Science. The systematic review
was performed in the Netherlands, at Leiden University Col-
lege The Hague.

2.1. Search terms

From the research question three main themes were indi-
vidualized: “Alzheimer’s disease,” “polyphenols,” and a
type of response of the latter on the first one. Synonyms of
the terms Alzheimer’s disease, “dementia,” and polyphenols
were all included to formulate a search strategy that is
applied in all the searches on the databases. The final search
strategy used to select the articles can be seen in Appendix
A. Studies have been first screened by title, then by abstract,
and finally by reading of the full text.

2.2. Inclusion and exclusion criteria

Besides the search terms, articles were selected based on
certain inclusion and exclusion criteria. First of all, only peer-
reviewed journal articles were being included, whereas pro-
ceeding articles, reviews, editorial material, meeting ab-
stracts, letters, retracted publications, and book chapters
were excluded. In terms of study designs, both observational
and interventional studies were included. To be incorporated,
the studies had to explore and assess at least one type of poly-
phenol on at least one factor of the pathology of AD. The lan-
guage of the articles included was only English, so that data
extraction could be as reliable as possible. Moreover, for the
research to be feasible, only articles from the past 10 years
were included. Finally, for the review to provide greater level
of evidence, only studies on human subjects were included.

2.3. Quality evaluation

The quality of the studies selected for the review was as-
sessed in a systematic manner. The scale used was adjusted
based on the one developed by Dr Jessica Kiefte-de Jong, as
adaptation from the study by Carter et al. and the study con-
ducted by the National Collaborating Center for Methods
and Tools [20,21]. The quality score is composed of five
items, and each item is allocated 0O, 1, or 2 points for each
of the following categories: study design, sample size,
exposure, outcome, and adjustments. In total, each study
can be awarded a maximum of 10 points. The main
adjustments were made for the exposure and outcome

sections. The exposure in this research relates to the
measurement of dietary intake in observational studies and
to whether an intervention was not blinded, single-blinded,
or double-blinded in interventional studies. The outcomes
in this research relate to assessment of cognitive decline
and AD, thus the scale was adjusted to include the assess-
ment methods used for these diagnoses. The evaluation sheet
with the scoring criteria for each section can be found in .
The final quality evaluation for each study can be seen in Ta-
ble 2 of Appendix C.

2.4. Data extraction

The following quantitative and qualitative data were ex-
tracted from the included publications: authors, year of pub-
lication, country of origin, population age and population
size, study design (if observational), and duration of study.
Moreover, in case of clinical trials also type and amount of
supplementation were extracted from the studies. In case
of observational studies, the type of measurement used
(for baseline and follow-up) was included. Furthermore, in-
formation about the objectives and main findings of each
study were extracted. To clarify and quantify the main find-
ings, P values and confidence intervals were included, to
show whether findings were statistically significant. P values
were preferred to other statistical measurements, such as
odds ratio and relative risk.

3. Results
3.1. Search results

The search in the databases resulted in 666 studies. After
thorough screening of the studies, 24 final studies were
included. The study flow diagram with the exclusion and in-
clusion criteria can be visualized in Fig. 2. Of the final studies
included, 18 studies were clinical trials, and six studies were
observational, of which one was cross-sectional and five were
prospective cohort studies. All studies were in English and
published between 2008 and 2018.

3.2. Study characteristics

All clinical trials assessed the effects of at least one poly-
phenol on certain factors of the pathology of AD. Eight ran-
domized controlled trials (RCTs) assessed cognitive decline
with the use of certain biomarkers. The biomarkers included
are AB40 and AB42 accumulations, presence of APOEe4 ge-
notype, brain volume, tHcy levels, cerebral blood flow,
oxidative stress levels, dental gyrus function, aldehydes ma-
londialdehyde levels [22-28]. Sixteen studies assessed
changes in cognition with the use of different cognitive
tests, depending on the specific cognitive outcome
measured [22,25,29-41]. More information on this is
available in the data extraction tables in Appendix D. To
assess dietary intake, five of six observational studies used
either Frequency Food Questionnaire or Semi-quantative
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Frequency Food Questionnaire [29—-33]. One study used 24-
hour dietary record [34], and one study also carried home in-
terviews besides the questionnaires [30]. More information
on study characteristics can be found in Tables 3.1 and 4.1
of Appendix D.

Fourteen studies assessed a class of flavonoids (flavonols,
flavones, isoflavones, flavanones, anthocyanidins, or cate-
chins). Specifically, four studies assessed green tea con-
sumption [22,24,28,35], two studies looked at soy
isoflavones [36,42], four studies investigated consumption
of certain fruit juices (orange, cherry, and blueberry)
fortified with polyphenols [25,26,37,43]. Two studies
examined cocoa flavonol [38,44], and one study examined
the role of Pycnogenol [39]. One study examined the role
of Scutellaria baicalensis and Acacia catechu containing
free-B-ring flavonoids (UP326) [40], and one investigated
the effects of Bacopa monnieri [41].

One study assessed resveratrol, belonging to the group of
stilbenes [27]. Two studies assessed curcumin consumption
[23,45], belonging to the group of phenolic acids, and one
study assessed the role of lignans [33].

Studiesidentified after searching
electronic databases:

Web of Science: n =46
PubMed: n=620

IDENTIFICATION

]

Total number of studies
screened by reading abstracts:
n= 666

SCREENING

!

Total number of studies
assessed for eligibility by
reading the full text: n=161

!

Total number of studies
included in the svstematic
review: n =24

ELIGIBILITY

Three observational studies assessed different types of
flavonoids specifically [29,31,32]. One assessed flavonoids
and lignans [33]. Two other observational studies, instead,
examined large classes of polyphenols through dietary ques-
tionnaires [30,34]. Therefore, their results cannot be reduced
to one single class of polyphenols. Table | shows a summary
of the classes of polyphenols assessed by each study.

In terms of population size, the samples differed greatly
between interventional and observational studies. The first
group had a population as small as 12 individuals, up until
350 people. The observational studies had a population
size ranging from 1091 to 16,010 individuals. The shortest
study duration in clinical trials was 21 days and the longest
was 4 years. The study duration in observational studies
ranged from 2 to 21 years.

With respect to population ages, these were also variable
across studies. However, participants were generally older
than 49 years. There were few exceptions: one study had a
sample consisting of individuals aged between 18 and
30 years [28]. Three studies had an overall population sam-
ple ranging between 30 and 65 participants [34.,42,40].

Studies excluded: n= 605
= Imrelevantfocus: n=230
—> Did notinclude hum an subjects: n=333

—> Other(duplicates, fulltextnotavailable): n=2

Studies excluded: n= 37
— Studywasinvitroon=31
= Itrelevantfocus: n=1

— Other(duplicates, full textnot available): n=3

Fig. 2. Flowchart of studies’ selection.
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Table 1
Summary of the classes of polyphenols assessed by each study
Phenolic Flavonoids All
acids Stilbenes Lignans Catechins  Flavonols Isoflavones Flavanones  Anthocyanidins All flavonoids polyophenols
Baum et al. Turner Nooyens Arab et al. Desideri Gleason et al. [42] Alharbi Kent et al. [25] Butchart Devore
[23] et al. [27] et al. [33] [22] et al. [38] et al. [43] et al. [29] et al. [30]
Ringman Ide et al. Henderson Brickman Krikorian Devore Kesse-Guyot
et al. [45] [35] et al. [36] et al. [44] etal. [37] etal. [31] et al. [34]
Downey et al. Ide et al. Morillas-Ruiz ~ Nooyens
[41] [24] et al. [26] et al. [33]
Ryan et al. Yimam
[39] et al. [40]
Root et al.
(32]

3.3. Main findings

3.3.1. Randomized controlled trials

3.3.1.1. Fortified fruit juice consumption

The trials assessing fortified fruit juice consumption re-
ported a positive association with improved cognitive per-
formance compared with the placebo groups. Specifically,
improved executive function (P < .05), psychomotor speed
(P < .05), verbal fluency (P = .014), short-term
(P =.014) and long-term memory (P <.001), and improved
associate learning (P =.009) [25,37,43]. However, they did
not identify significant alterations for markers of
inflammation. Morillas-Ruiz et al. [26] found an attenuation
of tHcy plasmatic levels in patients with AD (P < .05). Yi-
mam et al. [40] also reported an increase in speed and accu-
racy of processing complex information, compared with the
placebo group (P <.05).

3.3.1.2. Green tea consumption

Studies assessing the effects of green tea had conflicting
results. On the one hand, the studies showing positive corre-
lation found improved performance on cognitive tests
(P = .03) and increased antioxidant capacity of plasma
(P = .000) in patients with AD or cognitive dysfunction,
compared with the placebo groups [22,35]. On the other
hand, Wightman et al. [28] and Ide et al. [24] did not find
any significant association with changes in cognitive perfor-
mance, mood, or cognitive dysfunction (P = .59) [95% CI
—2.97 to 1.74]. However, they did find that it prevents an in-
crease in oxidative stress and reduces cerebral blood flow in
the frontal cortex. However, Wightman et al. carried the trial
in healthy adults, whereas Ide et al. carried the trial with
home residents with cognitive dysfunction [24,28].

3.3.1.3. Soy consumption

Two studies assessing benefits of soy isoflavones did not
find significant differences between the control and treat-
ment groups (P = .15; P < .11) [35,36]. Gleason et al.
[42] assessed isoflavones in patients with AD, whereas Hen-
derson et al. [36] assessed isoflavones in health postmeno-
pausal women. However, Henderson et al. found in

secondary analyses a greater improvement on visual mem-
ory in the isoflavone group compared with the placebo
group. No association was reported for other cognitive fac-
tors or test scores [95% CI 0.13-0.35].

3.3.1.4. Cocoa consumption

Desideri et al. [38] and Brickman et al. [44] assessed the
role of cocoa flavanol. The first study found that time
required to complete cognitive and verbal tests in subjects
with mild cognitive impairment was significantly lower in
the treatment group compared with the placebo group
(P < .05) [38]. The second study found that high-flavonol
intake enhanced dentate gyrus’ functioning in healthy
adults, compared with the control group with low dietary
intake of cocoa flavanol (P = .038) [44].

3.3.1.5. Other polyphenolic compounds

The study by Ryan et al. [39] also reported conflicting re-
sults. On the one hand, statistically significant interactions
were identified for memory-based cognitive variables and
consumption of antioxidant Pycnogenol (P < .01). On the
other hand, no change was evident for other aspects of cogni-
tive performance, such as concentration or psychomotor
abilities in a sample of 101 healthy adults.

Downey et al. [41] found improved cognitive perfor-
mance (P < .05) in a sample of healthy adults taking 320
or 640 mg of B. monnieri, compared with the placebo group.
The study by Turner et al. [27] found that resveratrol was
well tolerated by participants and did alter some AD bio-
markers (P = .002) in individuals with mild to moderate
AD, compared with the placebo group. Finally, Baum
etal. [23] and Ringman et al. [45] did not find any significant
evidence of the efficacy of curcumin in patients with AD,
compared with the placebo groups (P = .36; P = 41).
More information on findings from clinical trials can be
seen in Table 3.2 of Appendix D.

3.3.2. Observational studies

Devore et al. [31] reported that greater intake of flavo-
noids was positively correlated with slower rates of cogni-
tive decline [95% CI 0.00-0.07]. However, another study
by Devore et al. [30] found a correlation with reduced risk
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of AD only with vitamin E consumption, and not with intake
of vitamin C, B-carotene, and total flavonoids intake [95%
CI 0.59-0.95]. Other prospective studies also reported con-
flicting results. Kesse-Guyot et al. [34] reported that high to-
tal polyphenol intake was associated with verbal memory
(P = .01), but not with executive functioning (P = .09).
Nooyens et al. [33] found that higher lignan intake was asso-
ciated with speed processing (P = .04), memory (P <.01),
and less decline in global cognitive function (P = .01).
Higher flavonoid intake was also correlated with cognitive
flexibility (P = .01). However, intake of other antioxidants
was not associated with cognitive decline. Similarly, Root
et al. [32] reported that flavonols intake was associated
with preserved cognitive function (P < .001). A study by
Butchart et al. [29] did not find any correlation with any of
the outcomes observed, including overall cognitive decline,
after adjusting for confounders. More information on find-
ings from observational studies can be seen in Table 4.2 of
Appendix D. A summary of the findings of studies can be
seen in Fig. 3.

3.4. Quality assessment

The quality assessment for each study was based on the
evaluation sheet available in Appendix B. The overall
average score across all studies was 6.3/10. When account-
ing for outliers [44,39,40], the average score was 6.4.
RCTs scored on average 6.27, whereas observational
studies had an average score of 6.5. The studies which
reported a correlation between exposure to polyphenol and
reduction of factors of AD pathology had an average score
of 6/10, those that found a negative association scored on
average 6.4/10, and those that had mixed results had a
score of 7/10 on average. These data can be visualized in

Fig. 4. Overall, the average score of studies that identified
at least one inverse association is 6.31. Finally, it can be
concluded that approximately 83% of all studies scored at
least 6/10 or higher. Of these studies, approximately 41%
scored at least 7/10 or higher. Although not optimal, these
scores indicate a sufficient level of quality to consider the
findings adequately valid.

3.5. Covariates

The main findings from each study may have been
affected by whether they were controlled for confounders.
On the basis of the quality evaluation, it is possible to estab-
lish the following: four of 24 studies did not account for any
confounder [24,26,28.,44]; 12 of 24 studies accounted for at
least key confounders, such as gender, family history,
baseline diet, obesity, diabetes, and smoking [23,27,30-
37,43,38,40,41,45]; eight of 24 studies account for
additional confounders such as ethnicity and socioeconomic
background [22,25,27,29,31-33,39].  Other  potential
covariates will be addressed in the following section.

4. Discussion
4.1. Summary of results

The overall objective of this research was to systemati-
cally review the evidence on the effects of polyphenols on
the development of AD. The research included both RCTs
and observational prospective studies looking at the level
of association among cognition, behavior, and dietary
intake, exclusively on the base of human subjects. Although
some negative or insignificant results were reported, 19 of 24
studies had at least one inverse correlation between exposure
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Fig. 3. Summary of findings per number of studies.
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Fig. 4. Quality scores per group of studies, which found either inverse correlation, no correlation, or mixed results.

to one type of polyphenol and one outcome of AD. However,
the average quality score for studies, which found an inverse
correlation, was lower compared with both studies with
negative and mixed findings. Moreover, the validity coming
from the high quality score of the studies with negative find-
ings entails that the results from such studies cannot be ne-
glected, even if lower in number. This limits the extent to
which this review can conclusively state that polyphenols
can systematically reduce the effects of AD.

Furthermore, it is important to draw conclusions about the
specific classes of polyphenols tested in the included studies:
no evidence was found for phenolic acids (curcumin), and no
conclusive evidence was observed for flavonoids, the biggest
class of polyphenols assessed in this review. In fact, eight of
15 studies reported an inverse association, three had no cor-
relation, and four had mixed findings. Thus, results are con-
flicting and it is not possible to consider the evidence coming
from these studies complete. The study by Turner et al. [27]
presented positive results for resveratrol, belonging to stil-
benes; however, this was the only study that assessed a poly-
phenol from this class. Similarly, Nooyens et al. [33] was the
only study to find positive results for lignans.

4.2. Explanation of results

The studies included differ on the exposure and outcome
measurements, meaning that they assessed different types of
polyphenols and used a diverse range of cognitive tests and/
or biomarkers to assess cognitive decline, dementia, and AD
development in general. Thus, it is understandable that there
are no consistent results across all studies. Of the studies
that found at least one positive result (n = 19), 12 assessed out-
comes through cognitive tests, whereas seven assessed out-
comes by looking at changes in specific biomarkers for AD,
such as AP40, tHcy levels, or the presence or absence of the
APOEe4 genotype. Although both cognitive tests and bio-
markers are used for AD diagnosis, biomarkers tend to be
less subject to confounders than cognitive tests, and are gener-

ally considered reliable in assessing physiological changes
and rates of cognitive decline [46]. The fact that only a small
number of studies evaluated biomarkers is significant for the
level of evidence resulting from this review. Moreover, only
two of the six studies evaluating biomarkers found antioxidant
capacities of the compound they assessed, and thus reduced
oxidative stress [22.,24]. This is relevant to the fact that
reduction of oxidative stress is one of the primary reasons
why polyphenols are thought to have health benefits,
especially in relation to neurodegenerative diseases [47].
Furthermore, dietary polyphenols vary on molecular
structure and properties. They range from simple molecules
(monomers and oligomers) to polymers [48]. Higher
molecular-weight structures are particularly important
because of their wide distribution in plants and their contri-
bution to major food qualities [48]. The complexity of die-
tary polyphenol composition is worsened by their high
instability and the capability to transform into various reac-
tion products when the plant cells are damaged, for instance,
by food processing or by the extraction process and subse-
quent biochemical reactions of plant polyphenols [48].
Thus, properties of polyphenols are affected by their struc-
ture, and also by degradation and interaction with other con-
stituents of the food matrix [48]. When studies do not
account for such transformations, they might result in
misleading findings [48]. Some studies also suggest that
the kinetics and extent of polyphenol absorption among
adults differ depending on whether they have been provided
as pure compound, plant extract, or whole food/beverage
[49]. This factor may have skewed the findings provided in
this review as well. Because polyphenols were treated differ-
ently among studies, similar results coming from different
polyphenols might not be comparable, if they differed on
the type of administration of the polyphenol [49].
However, an interesting factor is that even when assessing
the same type of polyphenol, some studies resulted in
different findings. This is most likely because of the study
design used in these studies. For instance, Ide et al. [24,35]
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performed two similar research studies looking at green tea
consumption and cognitive dysfunction. Both trials were
carried in Japan and both prescribed 2 g per day of green
tea [24,35]. The trial carried in 2014 lasted 3 months and
found a positive correlation, but when conducting the
same trial in 2016 for the duration of 12 months, no
significant correlation was identified with cognitive
dysfunction. It could be argued that not only the duration
but also the small population sizes of both trials (12 and
33, respectively) might have influenced the results and
their level of generalizability.

Furthermore, several confounders and biases present
across all studies might have played a role in the final results.
First, baseline diets could have skewed the findings, espe-
cially considering that the studies were carried out in coun-
tries with different diets, thus the population samples might
have had a greater or lower intake of polyphenols before the
beginning of the exposure. Both the Mediterranean diet and
the Japanese diet have been found to decrease the risk and
mortality from dementia and AD [5]. This is relevant espe-
cially because of the fact that this review included studies
carried in Italy, France, Spain, and Japan, in which the pop-
ulations included for the studies were likely to be following
traditional diets. The Mediterranean diet is usually charac-
terized by a high consumption of fruits, vegetables, cereals,
bread, potatoes, poultry, beans, nuts, olive oil, and fish; a
moderate consumption of alcohol; and a lower consumption
of red meat and dairy products [5]. All these foods have been
associated with lower risk for AD, although the biological
pathways through which this process operates remain mostly
unclear [5]. Similarly, the Japanese diet, characterized by
high consumption of fish, vegetables, and beans was found
to reduce the risk for AD [5]. Not surprisingly, the studies
carried in these countries reported a positive correlation
with consumption of polyphenols [26,34,35,38]. Western
diets, instead, where processed foods and red meat
consumption are more prevalent, were found to increase
the chances of developing AD [5]. Indeed, except one of
the studies by Ide et al. [24] taking place in Japan, the studies
that reported a negative correlation with polyphenols con-
ducted were three in the United States, two in Australia,
two in the Netherlands, one in the United Kingdom, and
one in Scotland [25,28-30,33,36,42,39,45].

Second, observational studies used food questionnaires
and interviews to assess dietary intake. This method is
known to be subject of certain recall or report biases among
the participants, which might have altered the baseline die-
tary intake assessment [50]. Similarly, cognitive perfor-
mance during tests could have been altered by the setting,
type of test and scoring method, pressure or overthinking
by the participants, and overinterpretation of the results
[50]. Socioeconomic status (SES) is also a relevant
confounder, because socioeconomic background is consid-
ered to be related to access to healthy foods, such as fruits
and vegetables rich in polyphenols [51,52]. It is important
to note that only eight of 24 studies accounted for SES,

meaning that the findings from the remaining studies
might have been skewed because of it [22,25,27,29,31—
33,39]. In addition, four of 24 studies did not account for
any confounder, thus their findings might be weakened by
this factor [24,26,28,44].

4.3. Comparisons with other studies

The studies in this review only included human subjects,
resulting in a small number of articles. In contrast, animal
studies and in vitro studies tend to be more prevalent. The ev-
idence coming from such studies is much more conclusive and
consistent, and reports positive results more frequently than
human-based trials. For instance, an in vitro study by Scholey
et al. [53] found that epigallocatechin gallate increased a, B,
and O activity, self-rated calmness, and reduced self-
reported stress. When compared with the study by Wightman
et al. [28], no positive findings on the effects of epigallocate-
chin gallate were reported in a RCT of human subjects. Simi-
larly, a study by Henry-Vitrac et al. [54] stated that isoflavones
could inhibit AB-peptide fibril formation in vitro and thus
contribute to the prevention of AD. However, these findings
contradict with what was found in this research based on hu-
man trials. In fact, Gleason et al. [42] and Henderson et al.
[36] did not find any significant result for the effects of isofla-
vones on cognitive development among patients with AD.

Results from animal studies often do not match results from
RCTs either. Kim et al. [55] researched the role of curcumin, a
nonflavonoid polyphenol found abundantly in Curcuma
longa. They discovered that this turmeric plays a beneficial
role in patients with AD and in animal models of neurodegen-
erative disease [55]. Its antioxidant activity protected rat cells
from AB-induced toxicity [55]. This review included two
RCTs, which assessed the effects of curcumin in patients
with AD; however, both Baum et al. [23] and Ringman et al.
[45] did not find any statically significant result on this rela-
tionship. Again, animal models of AD cannot often reproduce
the actual physical conditions of living human beings, and this
might explain why animal studies did not show convergence
with human-based studies included in this review.

Finally, other systematic reviews have been conducted on
this topic. However, to the best of our knowledge, this is the
only review about all classes of polyphenols including solely
human subjects. Other reviews either included in vitro and
animal studies or included only human subjects but assessed
the effects of one single polyphenolic compound. These
latter types of systematic reviews found more comparable
results to those reported in this review. For instance, Pase
et al. [56] reviewed the effects of B. monnieri based on hu-
man trials. Although research on this compound is still at
early stages, they found some evidence that it improves
memory and potentially also other cognitive abilities. Simi-
larly, the study by Downey et al. [41], present in this review,
on improved cognitive performance by B. monnieri reported
comparable results with improved performance at first, sec-
ond, and fourth repetition after dosing.
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On the contrary, when comparing the results from other re-
views that included animal and cell studies, it is noticeable
that there is again a clear gap in translating results to a human
sample. In fact, although the validity of such studies is usu-
ally recognized, their generalizability to human subjects is
much more under discussion. A systematic review by Ebra-
himi and Schluesener [57] grouped the findings from animal
and cellular studies on the effects of polyphenols on neurode-
generative disorders. They found that polyphenols act as anti-
oxidant, prevent neurotoxicity, and affect amyloidogenic
pathway. Although these findings do match some of the re-
sults from the human studies included in this research, the
overall outcome of this review is much more fragmented
and inconclusive. This leads to the hypothesis that the evi-
dence coming from in vitro and animal studies is not enough
to suggest the use of polyphenols for the prevention or treat-
ment of AD, but rather it provides substantial data to justify
further testing of polyphenols on humans.

4.4. Strengths and limitations

The strength of this systematic review is that it is a
comprehensive work on the effects of all polyphenols on
the development of AD. Although other studies already re-
viewed the evidence of the effects of a certain compound
containing polyphenols, this review attempted to collect all
recent evidence on all classes of polyphenols. This is impor-
tant because it enables further research on the role of poly-
phenols in the development of AD and the aging process.
Another important strength of this research is that, compared
with other systematic reviews on the topic, it included only
studies with human subjects. Moreover, this research only
included studies published in the last 10 years, which means
that their findings are up to date and in line with current
knowledge about AD and the etiology of the disease. Finally,
18 of 24 studies are RCTs, which are considered to be the
study design with the highest level of evidence. In fact,
they are conducted in controlled and documented settings,
which increase their reliability and replicability levels
compared with other study designs.

However, this research has also several limitations. The
studies included provided findings that are difficult to gener-
alize. In fact, the RCTs had small or very small sample pop-
ulations. Furthermore, the samples came from different
countries; therefore, their results might not apply to the world
population. This is especially true when comparing results
from studies carried in developed and in the developing coun-
tries, which might create a baseline difference among the pop-
ulations. Moreover, even when more studies researched the
same exposure measurement, they measured outcomes differ-
ently, either with biomarkers or cognitive tests. Because there
are several biomarkers to test for AD and different cognitive
tests to measure thresholds of cognitive decline, it is hard to
determine whether similar findings resulting from different
outcome measurements can be considered comparable.
Another limitation consists of the study design of this

research: only two databases were included, PubMed and
Web of Science, because of time constraints; if this research
was to be carried by a team, it would be feasible to include
more databases and thus potentially include more lines of
findings as well. Finally, this research included only studies
in English, which might not represent all the evidence, and
thus create a language bias possibly leading to erroneous con-
clusions [58]. A publication bias might have skewed results as
well, because studies reporting positive results tend to get
published more often than studies with negative results [59].

5. Recommendations

This review concluded that the findings were incomplete
to determine with certainty that there is sufficient evidence
of the benefits of polyphenols on AD. Therefore, more
research is necessary to establish this connection. Currently,
the small samples of the yielded studies and the great variety
of polyphenolic compounds assessed limit their validity and
generalizability. To increase evidence of the beneficial ef-
fects of polyphenols on AD, it would be recommended to
conduct more clinical trials with bigger population samples.
This would increase the generalizability of potential positive
findings. Furthermore, none of the studies included in this re-
view made comparisons between different types of polyphe-
nols, but each looked at a different one. Such study design
would add an interesting source of evidence on whether
different types of polyphenols can have significant differ-
ences on the outcomes measured.

In terms of public health recommendations, at the current
state of knowledge, natural polyphenols are considered safe
to use and well tolerated by patients. Therefore, if polyphe-
nols were found to significantly reduce the risk for AD, it
could be recommended for people older than 65 years to
take supplements or include them in their everyday diets.
If further confirmed by RCTs, supplementation could be
considered a valid option as a prevention measure for people
at risk of AD and dementia, as well as potential additional
treatment to slow down the progression of disease.

6. Conclusion

This review attempted to systematically collect current
evidence on the protective effects of polyphenols on the
development of AD. A total of 24 studies were included in
this review, of which 18 studies were clinical trials and six
studies were observational. The findings suggest that the
studies included in this review provide inconclusive evi-
dence. Although most studies did find at least one positive
result between exposure and outcome, the quality of the
studies with positive results was lower compared with the
quality of studies with either negative or mixed results.
This is an important factor to take into account when evalu-
ating the evidence provided by this review. Another reason,
which suggests inclusiveness of the findings, is the great va-
riety of polyphenols assessed, outcome measurements, and
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study characteristics that made it difficult to generalize and
compare the data. Furthermore, several potential con-
founders present in the study designs and when performing
tests are severe limitations to the studies included in this
research. The most important confounders discussed in
this review are baseline diets, SES, report, and recall biases,
which might have interfered with the findings from each
study, and thus with the overall results from this review.
Finally, this review recommends to conduct further research
on polyphenols and AD, specifically by carrying more RCTs
and possibly with larger human samples.

Supplementary data

Supplementary data related to this article can be found
online at https://doi.org/10.1016/j.trci.2018.09.002.

RESEARCH IN CONTEXT

1. Systematic review: Studies have been collected
through a systematic search on two databases,
PubMed and Web of Science. Only studies with hu-
man subjects were included, because they present a
higher evidence level. Both randomized controlled
trials and observational studies were included.
Studies were then evaluated using an adaptation of
a previously published quality score.

2. Interpretation: The aim of this systematic review was
to collect and evaluate all the relevant studies on the
beneficial effects of polyphenols on Alzheimer’s dis-
ease (AD). The main objective was to assess the cur-
rent state of evidence on this relationship, only on the
basis of studies with human subjects.

3. Future directions: To increase evidence of the benefi-
cial effects of polyphenols on AD, it would be recom-
mended to conduct more clinical trials with larger
population samples. This would increase the general-
izability of potential positive findings. Furthermore,
none of the studies included in this review made com-
parisons between different types of polyphenols, but
each looked at a different one. Such study design
would add an interesting source of evidence on
whether different types of polyphenols can have sig-
nificant differences on the outcomes measured. In
terms of public health recommendations, if further
confirmed by randomized controlled trials, supple-
mentation could be considered a valid option as a pre-
vention measure for people older than 65 years at risk
of AD and dementia, as well as potential additional
treatment to slow down the progression of disease.
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