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ABSTRACT | Resveratrol, a polyphenolic compound found
in blackberry and red wine, has properties that prevent the
development of atherosclerosis, and therefore, cardiovascular
disease. The aim of this study was, through a systematic
review, to assess whether resveratrol reduces the incidence
of cardiovascular events and improves inflammation and
endothelial dysfunction in individuals at risk. Searches were
conducted in databases such as LILACS, PubMed,SCIELO and
selected randomized controlled trials in humans, including the
use of resveratrol in the prevention of cardiovascular events or
in the improvement of inflammation and endothelial function.
The final sample consisted of 10 items. Of the four studies
that analyzed the flow-mediated dilatation of the brachial
artery, all showed significant improvement in endothelial
function after the use of resveratrol, compared with placebo.
In the 7 studies that evaluated subclinical inflammation, there
were differences, 3 studies showed significant decreases in
the values of TNF-a, 2 showed significant changes in plasma
levels of C-reactive protein and interleukin 6 (IL-6), while
1 didn’t showed changes in TNF-a and IL-6. In conclusion,
resveratrol is capable of improving endothelial function
when compared with placebo. However, it was not possible
to infer an improvement or not in the parameters concerning
endothelial inflammation, since the data extracted from
the studies were insufficient. Moreover, it was not possible
to evaluate the use of resveratrol in the improvement of
survival, infarction or reduction in mortality, since there
were no records in the literature of randomized controlled
trials that analyzed the effect of resveratrol use on clinical
outcomes in humans.
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INTRODUCTION

Cardiovascular Diseases (CVD) are the main
cause of death in in developed countries with
atherosclerotic disease being considered a public
health problem'2. There is an intimate causal
relationship between Atherosclerotic diseases and
CVD?, since the main consequences of the former are
myocardial infarction, cerebral infarction and aortic
aneurysm“. Atheromatous plaque formation results
from a response to tissue lesions triggered by the
endothelium, probably due to the accumulation of low
density lipoprotein (LDL), which is later oxidized®®.
Accumulation of this lipoprotein occurs as a result of
environmental factors, mainly connected with diet
and genetic aspects’. In this context, resveratrol,
a polyphenolic compound found in grape skins,
red wine, eucalyptus and peanuts is found, whose
benefits have become recognized worldwide, due
to its antioxidant and anti-inflammatory properties,
in addition to the capacity to inhibit LDL oxidation,
and stimulate nitric oxide (NO) production, which
characterize it as a cardiovascular protector®. From
this perspective, the “French paradox” - an expression
attributed to the low incidence of coronary diseases
in the French population - is inserted, in spite of its
diet rich in fats, due to the moderate consumption of
red wine’. Therefore, one perceives that the possible
effects of resveratrol are closely connected to CVD,
since endothelial dysfunction and accumulation of
LDL are the first steps towards the formation of
atheromatous plaque'®'''2 As resveratrol has anti-
oxidant, anti-thrombotic and anti-atherosclerotic
properties, it may represent a substance of great
potential use in clinical practice, with a view to
better control of CVD'3. Therefore, the aim of the
present study was to evaluate the effect of the use
of resveratrol on the prevention of cardiovascular
events, endothelial function and the inflammatory
response in human beings.

METHODS

Search in the literature

The electronic databases used to conduct this research
were PubMed (Public Medical Literature Analysis
and Retrieval System Online), LILACS (Literatura
Latino-Americana e do Caribe em Ciéncias da
Saude), Scielo (Scientific Electronic Library Online)
and the DOAJ (Directory of Open Access Journals).
The uniterms were consulted in DECS (Descriptors in
Health Science), with the purpose of determining the
ideal descriptors to be researched in titles, abstracts
and subjects of the referenced articles. The following
expressions and their corresponding translations:
cardiovascular disease or inflammation or coronary
artery disease, were selected for combination with
the term resveratrol, using the conjunction AND.
Specifically, in PubMed, the filter for the type of
study was used, selecting only randomized clinical
trials.

After reading the respective titles and abstracts
with reference to each article found, only studies
that presented the following characteristics were
included: English, Portuguese or Spanish language,
period of publication between 2000 and 2016,
study design: randomized clinical trial in human
beings, which evaluated the use of resveratrol in
the prevention of cardiovascular diseases, including
directs effects on the development of atherosclerosis
and endothelial dysfunction. Studies with explicit
methodological biases (bias of selection, follow-up
and data analysis), presentation of insufficient or
ambiguous and nonspecific results with regard to the
topic proposed, were excluded.

The variables extracted in compilation of the data
of each study selected by means of the eligibility
criteria were information with reference to the
authors, titles, periodicals, profile of the population,
sample size, outcomes considered, follow-up
period, mean variation of the studied outcomes,
when continuous and/or relative risk, and when the
outcomes were dichotomized.

Ovutcomes Evaluated

For the selection of articles, the clinical outcomes
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such as longer survival, better quality of life,
reduction in acute myocardial infarction, sudden
death, cerebral vascular accident and coronary
artery disease, or substitute outcomes, such as the
reduction in inflammation and endothelial function,
were considered.

Criterion for evaluation of quality of studies

The relevance test, by means of which the studies were
submitted to and evaluated with regard to quality,
consisted of the following criteria: date on which the
research was conducted (2000-2016), presence

of blinding, time of follow-up. type of outcome
presented (clinical or substitute), presentation of
original results (in absolute values about endothelial
dysfunction, after the use of resveratrol), presence
of biases and specific definition of the research
participants. The relevance test was applied and
later the studies considered low quality were
excluded. The stage described was carried out
by two different researchers, and when there was
disagreement about whether or not a study should
be included, the choice was made by consensus.
Furthermore, the quality of evidences was evaluated
by means of the Grade Approach, adapted by The
Cochrane Collaboration'.

RESULTS

Selection of Studies

Initially, 54 studies were identified in PubMed, 60
in LILACS, 2 in SCIELO, and none in DOAJ. In this
first stage, 14 articles were selected because the
fulfilled the inclusion criteria, and were read in full.
The reasons for non-inclusion of studies were: articles
that had explicit methodological biases (bias of
selection, follow-up, data analysis - they were
analyzed observing the conclusion and methodology
of studies), presentation of insufficient or ambiguous
and nonspecific results with regard to the proposed
topic. Having done this, 10 articles eligible for

the review in question were identified. The stages
of selection of records identified are disposed in
the diagram, drawn up according to the PRISMA
(Preferred Reporting ltems for Systematic Reviews
and Meta-analyses) protocol'. (Figure 1).

After making the selection, the final set was composed
of 10 articles (Table 1), all in the English language,
from the PubMed database. The studies selected
were about adult individuals of both sexes, with risk
for CVD. The period of publication was between
2005 and 2016".

Figure 1. Diagram of selected articles for systematic review
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Table 1. Characteristics of clinical trials that evaluated the effect of resveratrol on endothelial function
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Characteristics of Study

The population samples ranged from 11 to 75
participants18,19, in total 396, aged between 22
and 69 years20,21.

Characteristics of participants:

In all the studies, 396 adults of both sexes were
recruited. In three of the studies, the sample was
composed of overweight /obese adults (BMI between
25.5 and 35.5 kgm2 20, BMI 22,23), however, in
three, the individuals were healthy (low degree of
inflammation - CRP of 1-10mg/L - fasting glycemia
< 6.9 mmol, fasting cholesterol < 8mmoll, blood
hemoglobin concentration = 8mmoll, consumption
of < 28 units of alcohol per week42; without family
history of diabetes, other endocrine disease, or use
of medications'®), and in one, in addition to being
overweight, the subjects were hypertensive, included
post-menopausal women

Only one research was composed exclusively of pre-
and post-menopausal women'®. In two studies, the
participants had angiographically documented'”.21
coronary artery diseases (CAD), with one of these
being composed of a population with previous AMI'®,
Another four publications selected participants at
risk for CVD (PAS between 135-160 mmHg and PAD
90-100 mmHg, LDL > 3.4 mmoll, CTHDL ratio >4,
elevated hematocrit - 20.4 for women and >0.42 for
men - or smoking at least 3 cigarettes daily)23,24 ,
with the sample being under primary prevention in
only one (statin treatment for over 3 months before
inclusion) and defined as being metabolic syndrome,
according to the criteria of the Japan Society for
Study of Obesity?® in the other?.

Characteristics of Interventions

The follow-up period ranged from 4 to 48
weeks18,19, and in spite of all the studies being

randomized clinical trials, six were of the cross-

over type'41820222326 qnd  four were parallel

studies'”'72124_ Of the ten studies selected, six used

capsules composed of resveratrol only!7:181922.23.26

in different doses (10 mg, 150 mg, 8 or 16 mg,
100mg, 30 or 90 or 270mg or 150mg respectively)

and four made use of capsules mixed with different

16,20,21,24
I’

compounds including resveratrol.  The

quantity of resveratrol used in the intervention
fluctuated from minimum concentrations of 0.54
mg/day21, to doses of 36g/day16.

As regards the composition of the placebo used
in each trial, two articles did not provide this

information'”'8

, one article only discontinued the
use of resveratrol?®, and the other used water?,
The remainder made use of inert substances with
similarities as regards appearance and energy

value.

Seven studies warned the participants not to change
their lifestyle'®'81922232¢ five allowed the medications
previously used to be continued'®'7:19292¢ qnd four
studies informed that the ingestion of polyphenolic
compounds was not permitted during the follow-up
period16,18,22,24.

Access to the Outcome

The use of the correct methodology for the
measurement of dependent
vasodilatation (as predictor of endothelial function),
and the biochemical methods for the collection and

endothelial

analysis of the blood inflammatory parameters (IL-
6, CRP and TNF- a) performed in fasting, did not
undergo significant variation among the studies,
with the exception of the use of nitrate, or not,
for measurement of nondependent endothelial
dilatation, present in only one of the articles'’.

Ovutcomes

The outcomes considered in the studies in question
were as follows: lipid alterations, alterations in
the inflammatory markers such as ultrasensitive
CRP, TNF-a. and IL-6, and in endothelial function,
measured by means of the vasodilatation mediated
by brachial artery flow.

Risk of bias of studies included.

The studies presented had a satisfactory quality,
judging by the inclusion of important covariables and
methodological analysis. Withregard to the presence
of blinding, six studies were double-blind'”'821:22.23,
one simple-blind?°, one triple-blind'® and two had
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no blinding?*?%. None of the publications related
having significant imbalances as regards the initial
characteristics of the allocated groups. With respect
to blinding about allocation of the participants, three

t!7:1820 whether or not

k16:21,22,26

studies were not explicit abou
there was blinding, four had low ris and two
high risk'?24, for bias of selection. The articles that
were double-blind presented low risk for bias of
performance'” 820212223 Of the simple-blind type,
one also had low risk16, since the composition of
the placebo and the substance tested was similar,
the other had high risk?*, since the composition of
the placebo was different and the other had an
uncertain risk?%. As regards bias of detection, seven

risk'7:18192021 © gnd three

studies presented low
uncertain risk'®?4%, since the existence of blinding
or not of the researchers responsible for collection
of the exams was not informed. All the studies were
considered low risk for bias of loss, since the articles
that presented loss during follow-up'®20:2223.24 had
a value lower than 20% in comparison with the
beginning of randomization. They also had low risk
of bias for selection of the outcome, because all the
studies described the results that were proposed in

the methodology.

Grading the quality of evidence

According to the Grade Approach', the evidences
of the selected studies were of higher quality, since
they all concerned randomized clinical trials.

Studies that evaluated FMV

The evidences in the studies that evaluated the FMV

17212226 were considered

of the brachial artery
moderate quality, since they had a clinical variability
with respect to the characteristics of the participants
and the doses administered. Only one article had
evidences considered low quality?®, because it did

not inform about the type of blinding.

Studies that evaluated endothelial inflammation

The fact that the studies included'®'819202324 had a
clinical variability with respect to the characteristics
of the participants, doses administered and outcomes,

lowered the value of the evidences extracted from
them, and thus they were of a moderate quality.
Furthermore, the lack of information of one of the
studies?* as regards blinding, led to its evidence
being of low quality, as was that of one of the other
studies'é, due to the fact of being simple blind.

Effects of Interventions

The majority of the individuals who received

resveratrol  presented a more  beneficial
development with regard to the improvement in
endothelial function and lipid markers, in comparison
with those submitted to the placebo treatment. Of
the nine studies, four evaluated the FMV of the
brachial artery'”2222¢ and all showed a significant
improvement (p < 0.05) in endothelial function in
the Group with the use of resveratrol. Whereas, not
all the trials that evaluated the blood inflammatory
markers obtained an improvement in these
parameters. For example, there were no significant
alterations in the plasma values of CRP in four of the

six studies analyzed 782026,

DISCUSSION

In individuals with high risk for CVD it is desirable
to use therapies in addition to those recommended,
with a view to interrupting the evolution of the
disease in the direction towards unfavorable
outcomes. Therefore, substances with the possible
anti-thrombotic and anti-sclerotic capacity, such as
resveratrol, may assume an important role in the
family therapy of these diseases. However, there
are records in the literature of randomized clinical
trials, in which the participants at cardiovascular
risk, with the use of resveratrol either obtained
improvement in clinical outcomes, or did not, such
as longer survival, improvement in quality of life or
reduction of infarctions'3.

In this systematic review, it could be observed
by analysis of the results of four randomized
clinical trials included'”2"222¢,  that there was
significant improvement (p<0.0) in flow mediated
vasodilatation of the brachial artery, in individuals
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using resveratrol, compared with those who received
placebo. Similar outcomes have been demonstrated
in the literature with the use of red wine and grape
juice in previously health men?. However, in this
study the use of substances present in the drinks in
question were evaluated and not only resveratrol.

Pace-Asciak et al®® also suggested that the
polyphenolic compounds of red wine have protective
properties against coronary arterial disease. Since
then the use of polyphenolic substances have been
evaluated in human beings?%2%31,

The improvement in endothelial dependent
vasodilatation may result from the fact that
resveratrol is capable of activating the enzyme
SIRT''® which forms part of the family of silent
information regulation (sirtuins)®? and is responsible
for the increase in the endothelial nitric oxide
synthetase endothelial enzyme (eNOS)®. Thereby,
an increase in the endothelial production of NO17
occurs, which promotes vascular relaxation, with
consequent dilatation of the blood vessel, and is in
agreement with a study*3, which demonstrated the
fundamental role of the deacetylase protein SIRT1
in endothelial NO regulation and of endothelial
dependent vascular tonus by eNOS. On the other
hand, there are records in the literature, which
demonstrate®? that resveratrol is not responsible for
directly activating SIRT1, having little or no action
on it.

Whereas Orallo et al**, demonstrated a clear
effect of trans-resveratrol on endothelial dependent
vasodilatation in rat aortas, which did not occur
in arteries in which the endothelium had been
removed. This finding strengthens the potential
effect of this substance on endothelial dependent
vasodilatation. Moreover, it is important to point
out that the technique use for measurement of
endothelial function in the studies included, is based
on the increase in blood flow, causing dilatation of
the vessels locally®. In spite of being a mechanical
and observer dependent method, it is reliable and
accurate®,

There were no records in the literature of randomized
clinical trials that carried out biochemical evaluation
of endothelial function, by means of parameters
such as the measurement of endothelial NO and

arginase. However, the degree of dilatation of the
brachial artery is routinely used in clinical studies
to measure endothelial function, and this noninvasive
technique has been correlated with that of invasive
evaluation of endothelial function of the coronary
artery by means of Acetylcholine infusion®>%’,

Although endothelial dysfunction is a substitute
outcome, it is intimately related to subclinical
atherosclerosis, and by means of the FMV of the
brachial artery technique, allows physiopathological
and important diagnostic information to be provided
for the probable prognosis of the patient at risk for
CVD?,

A prospective cohort study conducted with a sample
of 3026 persons, in 6 communities of the United
States showed that FMV of the brachial artery is a
predictor of the incidence of cardiovascular events in
previously healthy individuals. It is worth emphasizing
that only one study included in the final sample of
articles evaluated and identified the reduction in the
concentrations of VCAM-1 and ICAM-120 after the
use of resveratrol. These data show evidence of the
improvement in endothelial function promoted by
resveratrol, as has been demonstrated in records
documented in the literature®?“°. However, in spite
of the reduction in these parameters (VCAM-1 and
ICAM-1) having been obtained from a double-
blind, randomized study, present in the final sample
of articles, it is necessary to evaluate the relevance
of this result, since it does not represent the main
objective of the clinical trial analyzed, thus, making
it impossible to evaluate its statistical power.

With respect to the inflammatory response, it was not
possible to find an improvement in the parameters
analyzed, such as TNF-o, CRP and IL-6 41. However,
TNF-o. presented an important reduction in three of
the four articles that evaluated this outcome. With
regard to IL-6, in two clinical trials there was a
beneficial change in the outcome, but in another two,
the parameters remained unchanged. Therefore,
the data obtained are inconclusive with regard to
inflammatory response. This finding differs from those
of Kelley et al®*® (2013), who verified the reduction
in CRP after the consumption of sweet cherries, which
are rich in polyphenolic compounds. However, in the
mentioned study there was no placebo group and the
parameters evaluated may have been influenced by
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factors other than the substance analyzed. Csiszar
et al“° (2013) also showed evidence that resveratrol
is responsible for attenuating not only TNF-o. and
IL-6, as was found in one of the studies included.
Furthermore, Sampaio et al“? (2013) found that the
response to CRP is a situation variable and may
not always reflect an association with endothelial
function.

The reduction in inflammatory parameters, when
present, may be explained by the capacity of
resveratrol to reduce the oxidation of LDL, ashas been
demonstrated by Zou et al*?, and inhibit the expression
of adhesion molecules, such as VCAM-1 and ICAM-
144, Therefore, resveratrol has properties that
would be capable of impeding the progression of
the inflammatory cascade, responsible for increasing
the peripheral inflammatory parameters such as
PCR, IL-6 and TNF-q, could be the result of reduction
in lipid peroxidation*®. However, one of the studies
demonstrated an increase in this inflammatory
parameter, a situation which may occur with the
purpose of stimulating the increase in interleukin
10 (IL-10), an anti-inflammatory cytokine?. The
decreasing values of IL-6 may be explained by the
action of resveratrol in inhibiting the acute stage of
inflammation. Whereas, the absence of alterations
in the levels of inflammatory markers in one of the
studies included16, may be owing to the fact that
the blood samples were not collected at the same
time of day.In addition, the data may have been
conditioned to a diurnal variation in IL-6, because
glycocorticoids and catecholamines elevate these
values.

The disagreements in the results of studies with
respect to the alteration or not of endothelial
inflammation parameters may also be justified
by the heterogeneity of the populations studied,
different periods of follow-up, and variability of
the doses administered. Moreover, the maintenance
of the parameters may occur because of the low
concentrations of these markers in the initially healthy
participants of the studies evaluated, low sensitivity
of the methods used for analysis or limitation of the
effect of resveratrol on the specific inflammatory
pathway.

Therefore, it could be concluded that there was
an improvement in endothelial function, evaluated

by means of FMV of the brachial artery after the
use of resveratrol in comparison with the placebo.
However, the conclusion is still limited with regard to
its possible effects on endothelial inflammation, since
the data of the studies were insufficient to prove
whether or not there was improvement.

The method used in the present study is adequate for
the evaluation of scientific evidence, considering that
in addition to the method having good accuracy?, it
contemplates the purpose of responding the question
raised. Nevertheless, it is important to point out the
possible limitations of this review that although
randomization was adequate in all the studies,
these presented heterogeneity as regards blinding,
follow-up time, doses recommended, parameters
evaluated in each outcome, in addition to variability
in the methods used to obtain the outcomes. Added
to this is the fact that the studies selected for the
present review had a reduced sample size.

There are no demonstrations that the use
of resveratrol may modify the existent and
recommended therapies, and its clinical usefulness
in the prevention of cardiovascular events could not
be proved. Therefore further studies are necessary,
which evaluate resveratrol as a coadjuvant therapy
in the prevention of cardiovascular diseases in
patients at low and medium risk, analyzing their
respective clinical outcomes.

The present study demonstrated, by means of
alterations in the FMV of the brachial artery, that
resveratrol is capable of improving endothelial
function, when compared with the placebo.
Nevertheless, it is not possible to infer improvement in
the parameters concerning endothelial inflammation,
since the data extracted from the studies were shown
to be inconclusive. Furthermore, it was not possible to
evaluate the use of resveratrol in the improvement or
not of survival, infarction, or reduction in mortality,
since there were no records in the literature of
randomized clinical trials that analyzed the influence
of the use of resveratrol on the clinical outcomes in
human beings.
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