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Background: Carotid artery stenosis or occlusion (CASO) is a major cause of 
vascular cognitive impairment (VCI). There is currently no effective treatment 
for VCI induced by CASO. Resveratrol, a type of polyphenol, improves 
cognitive performance in rat CASO models via pleiotropic effects. Furthermore, 
we previously reported the longevity gene, SIRT1, which can be activated by 
resveratrol, improves cognitive and cerebral blood flow impairment in mouse 
CASO models by activating endothelial nitric oxide synthase. However, clinical 
evidence remains limited.

Methods: The REsveratrol for VAscular cognitive impairment investigating 
cerebral Metabolism and Perfusion (REVAMP) trial is a randomized, double-
blind, placebo-controlled trial involving patients with asymptomatic CASO. 
Each participant will receive either 150  mg/day of resveratrol or a placebo for 
35  weeks. The primary objective is to determine whether resveratrol improves 
cognitive impairment, as assessed using the Alzheimer’s disease Assessment 
Scale–cognitive subscale 13. One of our secondary objectives is to determine 
whether resveratrol improves cerebral hemodynamic impairment as assessed 
via 15O-gas positron emission tomography. We will recruit 100 patients (50 per 
group).

Discussion: The REVAMP trial may provide valuable insights into new therapeutic 
options, as multitarget neuroprotection could potentially improve cognitive 
function along with enhancements in cerebral hemodynamic status in patients 
with asymptomatic CASO.

Clinical trial registration: The REVAMP trial was prospectively registered in the 
Japan Registry of Clinical Trials (jRCTs051230013) on April 13, 2023.
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1 Introduction

Carotid artery stenosis or occlusion (CASO), which can restrict 
cerebral hemodynamics, is an important cause of cerebral infarction 
and vascular cognitive impairment (1–4). According to the results of 
a meta-analysis encompassing 515 reports, it is estimated that patients 
with CASO aged 30–79 years make up  1.5% of the worldwide 
population, totaling approximately 57.79 million individuals (5). 
Asymptomatic moderate-to-severe carotid artery stenosis occurs in 
4.2% of adults, with the prevalence increasing to 12.5% in men and 
6.9% in women aged >70 years (6, 7). Furthermore, asymptomatic 
carotid artery stenosis impairs medication adherence, leading to 
failure of the primary prevention of ischemic stroke and vascular 
cognitive impairment (8). Consequently, the prevalence of 
asymptomatic CASO is higher, insidiously increasing the risk of 
vascular cognitive impairment, which suggests that asymptomatic 
CASO can no longer be considered truly asymptomatic but rather 
“symptomatic.” The undetected cognitive morbidity within such a 
substantial population carries potentially significant public health 
implications (2). However, preventive or therapeutic medication 
targeting vascular cognitive impairment with CASO has not 
been established.

Resveratrol (3, 5, 40-trihydroxy-trans-stilbene) is a type of 
polyphenol, which is naturally found in the skin of red grapes, red 
wine, blueberries, peanuts, and Japanese knotweed (9). It plays a key 
role in preventing various human diseases (including brain diseases) 
through its pleiotropic effects (10). Basic studies using rodent models 
have revealed that resveratrol improves cognitive performance in rat 
models of bilateral common carotid artery occlusion, which mimics 
chronic cerebral hypoperfusion. This improvement is achieved by 
decreasing oxidative stress, reducing inflammation, and promoting 
autophagy (11–13). Furthermore, resveratrol has been proven to cross 
the blood–brain barrier (14). We  reported that the nicotinamide 
adenine dinucleotide (NAD+)-dependent longevity gene SIRT1, which 
can be  activated by resveratrol (15), revealed improvements in 
cognitive performance and cerebral blood flow (CBF) via deacetylation 
of endothelial nitric oxide synthesis (eNOS) deacetylation in a mouse 
CASO model (16, 17). However, clinical evidence remains limited as 
there are only a few reports demonstrating positive effects on cognitive 
function in healthy subjects. In one study, the daily intake of oral 
resveratrol at a daily dose of 200 mg/day for 26 weeks significantly 
improved memory and hippocampal functional connectivity in 
healthy participants aged 50–75 years (9). Another study involving 
healthy postmenopausal women aged 45–85 years who received 
resveratrol at a daily dose of 150 mg/day for 14 weeks reported 
significant improvements in verbal memory and overall cognitive 
function (18). Long-term supplementation with resveratrol may 
be  tolerable. Previous reports of resveratrol administration for 
12 months have revelaed several adverse events, including exacerbation 
of gastric reflux, itching, menstrual changes, prolapsed bladder, and 
scheduled heart valve stent insertion and left eye operation. However, 
it is important to note that these events were not necessarily directly 
attributable to resveratrol supplementation at a dose of 150 mg/day 
(19, 20). Thus, the efficacy of resveratrol in patients affected by 
asymptomatic CASO remains unclear.

Before the start of the REsveratrol for VAscular cognitive 
impairment investigating cerebral Metabolism and Perfusion 
(REVAMP) trial, our preliminary retrospective observational study 
was conducted between July 2020 and March 2022 at the National 

Cerebral and Cardiovascular Center (NCVC) in Japan. The study 
involved 38 patients with asymptomatic CASO in the resveratrol-
treated group and 44 patients with asymptomatic CASO in the 
nonresveratrol-treated group who underwent neuropsychological 
tests, such as the Alzheimer’s Disease Assessment Scale–cognitive 
subscale 13 (ADAS-Cog) (approval number of NCVC Research Ethics 
Committee: R20113). The mean observational period for the 
resveratrol-treated and nonresveratrol-treated groups was 223 ± 65 
and 246 ± 87 days, respectively. We observed a significantly improved 
total ADAS-Cog score in the resveratrol group (−0.77 ± 1.88, 
0.55 ± 1.74; p = 0.006) and an intergroup difference in the total 
ADAS-Cog scores of −2.35, calculated from the pooled variance 
estimates standard deviation of 3.86. Among the 82 patients, 79 
underwent neuropsychological tests, such as ADAS-Cog and Montreal 
Cognitive Assessment (MoCA) and 15O-gas positron emission 
tomography (PET); 36 received resveratrol and 43 did not. Long-term 
resveratrol treatment significantly improved the memory domain and 
total score in the ADAS-Cog and the visuospatial/executive function 
in the MoCA. Furthermore, CBF improved in the anterior circulation 
territory and thalamus. No adverse events were observed (21).

Therefore, we hypothesized that long-term intake of resveratrol 
yielded beneficial effects on cognitive improvement accompanied by 
enhanced cerebral blood flow via pleiotropic effects such as activation 
of NAD+/SIRT1/eNOS axis, and decrease of oxidative stress and 
inflammation in patients with asymptomatic CASO. We aimed to 
prospectively determine whether the long-term clinical application of 
resveratrol at a daily dose of 150 mg improves cognitive impairment 
and the cerebral hemodynamic state, as assessed by 15O-gas PET, in 
patients with asymptomatic CASO. Herein, we  provide a 
comprehensive description of the protocol for a clinical trial aimed at 
assessing the safety and efficacy of resveratrol administered at a daily 
dosage of 150 mg for patients with asymptomatic CASO.

2 Methods and analysis

2.1 Trial design

The REVAMP trial is an investigator-initiated, randomized, 
double-blind, placebo-controlled study that aims to investigate the 
safety and efficacy of the long-term intake of resveratrol 150 mg/day 
in patients with asymptomatic CASO and will be performed at the 
NCVC. One hundred participants will be randomly assigned to either 
the resveratrol or placebo control group in a 1:1 ratio (Figures 1, 2). 
During the REVAMP trial, participants will be given either resveratrol 
or a placebo for 35 weeks (Figure 3).

The physicians involved in the study will obtain written informed 
consent for the trial and the NCVC biobank from all trial patients 
before participating in the study. In case of any revision in the written 
informed consent form, the physicians involved in the study will 
explain the revised procedure again to the participants, revise the 
written informed consent form, and obtain the subject’s voluntary 
consent for continuation of participation.

2.2 Study objectives

The primary objective will be change of ADAS-Cog total score 
from baseline to assess the effectiveness of resveratrol in preserving or 
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improving cognitive function in patients with asymptomatic 
CASO. The principal secondary objectives will be  to evaluate the 
impact of resveratrol on the following: (i) the preservation or 

enhancement of cognitive function, as evaluated by a change in the 
total MoCA score and the trail-making test score from baseline; (ii) 
the preservation or improvement of cerebral hemodynamic 
parameters, including CBF, oxygen extraction fraction (OEF), and 
cerebral metabolic rate of oxygen (CMRO2) as measured by 15O-gas 
PET (Table 1).

2.3 Inclusion criteria

The REVAMP trial will be  conducted by investigators at the 
NCVC. We will include the following categories of participants: (i) 
patients aged ≥20 years and < 90 years at the time of consent; and (ii) 
individuals with asymptomatic carotid artery stenosis of ≥50%, or 
occlusion. A peak systolic velocity of ≥130 cm/s at a stenotic lesion, as 
measured by carotid Doppler ultrasonography, indicated a stenotic 
diameter of approximately ≥50% (22). The asymptomatic status will 
be confirmed based on the absence of stroke or transient ischemic 
attack caused by the development of a carotid lesion within 6 months 
(3). Patients with hypertension, cardiovascular diseases, or diabetes 
mellitus will not be excluded. Details of our eligibility criteria are 
presented in Table 2.

2.4 Screening procedures

Before enrollment, all potential participants will undergo an 
eligibility screening process by reviewing their medical charts to 
check the results of carotid ultrasonography. Personal information 
of potential and enrolled patients will be  shared in a database 
accessible only within the project group to personnel responsible 
for patient inclusion, to protect confidentiality before, during and 
after the trial. At the first visit, the physicians involved in the 
study will provide detailed information about the REVAMP trial 
to the patients and/or their families and obtain written informed 
consent. Participants will be informed in the consent forms that 
they have the right to withdraw from the trial without any negative 
consequences. The attending physician will conduct a physical 
examination of all participants, and the clinical research 
coordinators (CRCs) will collect necessary clinical data such as 
height, body weight, vital signs, medical history, supplements, 
and demographics.

2.5 Baseline assessments

After the initial screening, all participants will undergo 
neuropsychological assessments such as ADAS-Cog, MoCA, and the 
trail-making test. They will also undergo 15O-gas PET and brain 
magnetic resonance imaging, randomized at visit 2 (Figure 2). Blood 
samples for analyses will be collected before taking either resveratrol 
or placebo tablets and stored in the NCVC biobank. The tablets will 
be  then distributed to participants after randomization (See the 
Randomization, allocation, and blinding section) by each physician 
involved in the study. To ensure proper medication adherence, all 
participants will be instructed to fill out a schedule book specific to 
the REVAMP trial every day and return the remaining tablets at 
each visit.

FIGURE 1

Schematic flow diagram of the REVAMP trial’s participant enrollment 
process. ADAS-Cog, Alzheimer’s disease Assessment Scale–cognitive 
subscale 13; MoCA, Montreal Cognitive Assessment; PET, positron 
emission tomography; MRI, magnetic resonance imaging.

FIGURE 2

The schedule of interventions and assessments of the REVAMP trial. 
PET, positron emission tomography; MRI, magnetic resonance 
imaging; AE, adverse events.
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2.6 Follow-up assessments

All participants will be required to visit the NCVC at weeks 12 and 
35, which will be  the final visit. During the week 35 visit, carotid 
ultrasonography, neuropsychological assessments, 15O-gas PET, and 
brain magnetic resonance imaging will be  conducted, and blood 
samples will be collected and stored in the NCVC biobank. At weeks 
12 and 35 (Figure 2), each physician involved in the study will conduct 
a physical examination, and the CRCs will conduct interviews to 
inquire about changes in prescription, over-the-counter medications 

and supplements, and occurrence of adverse events. To promote 
participant retention and complete follow-up, the CRCs will call the 
participants at least once a month to check whether the participants 
are continuing taking the resveratrol or placebo tablets.

2.7 Randomization, allocation, and blinding

The physicians involved in the study will generate the allocation 
sequence, enroll patients, and assign patients to interventions. Registered 
patients will be assigned randomly to either the resveratrol group or the 
control group. The assignment method will be minimization, and the 
stratification factors considered will be sex, the presence of left CASO, and 
a total score of ADAS-Cog ≥15. The randomization process will 
be  executed using computer-generated random allocation treatment 
codes. Both patients and physicians will remain blinded to the assigned 
therapy throughout the study. The randomization list will be maintained 
by an independent investigator who is not involved in patient care, 
assessment, data collection, or analysis. Emergency unblinding will only 
occur if the principal investigator deems it necessary to reveal the assigned 
intervention to manage any potential adverse events among participants.

2.8 Interventions

Nature Holdings Co., Ltd. in Japan will supply standardized 
resveratrol and placebo tablets. The resveratrol tablets will 

FIGURE 3

Outline of the REVAMP trial. The schematic illustration was created with Biorender.com.

TABLE 1 Primary and secondary objectives.

Primary objective

Change of ADAS-Cog total score from baseline to 35 weeks.

Secondary objectives

1. Changes of MoCA total score and trail making test from baseline to 35 weeks.

2. Change of CBF examined by brain 15O gas-PET from baseline to 35 weeks.

3. Change of OEF examined by brain 15O gas-PET from baseline to 35 weeks.

4. Change of CMRO2 examined by brain 15O gas-PET from baseline to 35 weeks.

5. Volume or grade changes of white matter hyperintensities examined by brain 

magnetic resonance imaging (MRI) from baseline to 35 weeks.

6. Number changes of cerebral microbleeds examined by brain MRI from baseline 

to 35 weeks.

7. Change of systolic and diastolic blood pressure from baseline to 35 weeks.
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be  manufactured using 99% pure synthetic trans-resveratrol 
(resVida™, DSM Nutritional Products Ltd., Kaiseraugst, Switzerland), 
comply with Good Manufacturing Practice. The visual appearance of 
the placebo tablets was identical to that of the resveratrol tablets. 
Participants in the resveratrol group will be administered one 75-mg 
tablet of resveratrol twice daily (in the morning and evening) for 
35 weeks. Conversely, those in the control group will receive one 
placebo tablet twice daily (also in the morning and evening) during 
the same period. Participants will consume one tablet with water. The 
physicians involved in the study or CRCs will maintain a 
comprehensive tablet inventory record, which will include information 
on the supply, receipt, disposal, and return of the trial tablets.

Discontinuance criteria will be  as follows: (i) severe renal 
dysfunction (estimated glomerular filtration rate of <15 mL/
min/1.73m2); (ii) severe gastrointestinal symptoms requiring 
emergent treatments; (iii) initiation of taking resveratrol or 
nicotinamide mononucleotide; (iv) initiation of taking antidementia 
drugs; and (v) administration of carotid endoarterectomy (CEA) or 
carotid artery stenting (CAS). Relevant concomitant care and 
interventions that are prohibited during the trial will be  (i) 
resveratrol or nicotinamide mononucleotide; (ii) antidementia 
drugs; and (iii) CEA or CAS.

A restricted medication will be allowed if the doses are unchanged 
during the trial. Statins may improve anti-inflammatory, 
antithrombotic, and endothelial functions (23), and phosphodiesterase 
inhibitors may contribute to improvements in cerebrovascular 
regulation (24), potentially increasing CBF. Therefore, statins and 
phosphodiesterase inhibitors are included in the restricted medication 
list. Other medications or interventions may be  used without 
restriction. Nonsteroidal anti-inflammatory drugs (NSAIDs) will not 
be  included in the restricted medication list. NSAIDs used for 
<24 months do not affect cognitive function (25).

2.9 Neuropsychological examination

Only psychologists who have substantial experience and are 
blinded to the intervention groups will be  authorized to perform 
cognitive assessments, including ADAS-Cog, MoCA, and the trail-
making test.

2.10 15O-gas PET measurements

All patients will undergo a series of 15O-gas PET examinations to 
assess CBF, CMRO2, and OEF. Radioactive 15O will be produced by 
accelerating a deuteron (d) beam via the 14 N (d,n) 15O nuclear 
reaction using a cyclotron (CYPRIS HM-12, Sumitomo Heavy 
Industry, Tokyo, Japan). Further, 0.3% oxygen (O2) in the nitrogen 
(N2) target will be  used to produce the 15O–O2 and 15O–carbon 
monoxide (CO) gasses and 1.0% carbon dioxide (CO2) in the N2 target 
gas to produce the 15O–CO2 gas.

A PET scanner (Biograph mCT, Siemens Healthinier, Erlangen, 
Germany) will be used in the study. A PET scan was initiated 3 min 
after the 2-min inhalation of 15O–CO for 4 min. An additional 
dynamic PET scan was performed for 8 min during the sequential 
inhalation of 15O-O2 and 15O–CO2 gasses for 1 min each at a 4.5-min 
interval. The radiochemical purity was confirmed to be >99% before 
each radio gas inhalation in every patient via two-channel rapid gas 
chromatography (Micro 990, Agilent Technologies, Inc., Santa Clara, 
USA), as described in a previous study (26).

PET images will be reconstructed using vendor software, with an 
adequately selected methodology that considers the presence of 
gaseous 15O–radioactivity surrounding the face during images will 
require following the 2-min inhalation of the 15O–carbon monoxide 
gas (27). CBF and OEF images will be calculated using the previously 

TABLE 2 Eligibility criteria.

Inclusion criteria

1. Patients aged ≥20 years and < 90 years.

2. Patients with asymptomatic carotid artery stenosis of ≥50% or occlusion.

* Definition of ≥50% stenosis: 130 cm/s or faster of peak systolic velocity at a stenotic lesion examined by carotid ultrasonography.

3. Patients who gave their written informed consent.

Exclusion criteria

1. Severely demented patients who fail to undergo neuropsychological examinations.

2. Patients taking donepezil, galantamine, rivastigmine, or memantine.

3. Patients already diagnosed with secondary dementia (Parkinson’s disease, Huntington’s disease, normal-pressure hydrocephalus, progressive supranuclear palsy, multiple 

system atrophy, multiple sclerosis, head injury with sequelae, neurosyphilis, hypothyroidism, vitamin B1/B12 deficiency, and folic acid deficiency).

4. Patients with ≥50% stenosis or occlusion of the intracranial basilar artery and vertebral artery on brain magnetic resonance angiography.

5. Patients with a past history of intrinsic psychiatric disease or alcohol or drug dependence within 48 weeks before giving their informed consent.

6. Patients with severe pulmonary diseases (e.g., under home oxygen therapy).

7. Patients with a history of dose change in statins, PCSK9 inhibitors, intestinal cholesterol transporter inhibitors, and phosphodiesterase inhibitors within 4 weeks before 

giving their informed consent.

8. Patients who did not cease the intake of resveratrol or nicotinamide mononucleotide at least 4 weeks prior to the administration of the experimental drugs if the patients 

already consume resveratrol or nicotinamide mononucleotide.

9. Patients with severe renal dysfunction (eGFR <15 mL/min/1.73m2 or hemodialysis).

10. Patients who experienced malignancy within the past 5 years.

11. Pregnant and breastfeeding women or patients who do not agree to use appropriate contraception.

12. Patients participating in or planning to participate in other clinical trials using other medicines or medical devices.

https://doi.org/10.3389/fnut.2024.1359330
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Hattori et al. 10.3389/fnut.2024.1359330

Frontiers in Nutrition 06 frontiersin.org

validated dual-table autoradiography technique (28). Then, the 
functional images of CMRO2 will be calculated as follows:

 CMRO O a Sat Hb2 2 1 39= [ ] × × ×. %

[O2]a, the oxygen content in the arterial blood; %Sat, %saturation 
of oxygen in the arterial blood; Hb, the hemoglobin concentration 
in units of (mL/g); 1.39, the maximum amount of oxygen bound 
to the unit Hb mass (mL/min).

according to a previously validated technique (i.e., dual-table 
autoradiography technique) (28). The arterial input function will 
be obtained from the radioactivity concentration in the arterial blood 
that was continuously withdrawn from the brachial artery (28). The 
metabolized 15O-water in the arterial blood generated from 15O–O2 
will be estimated by modeling physiological oxygen metabolism (29).

2.11 Sample size estimates

Referring to aforementioned our preliminary study performed at 
the NCVC between July 2020 and March 2022, we  observed an 
intergroup difference in the total ADAS-Cog scores of −2.35 with a 
standard deviation calculated from the pooled variance estimates of 
3.86. In line with previous studies (30–32), the effect size, calculated 
as | − 2.35/3.86|, was deemed sufficient to detect a clinically meaningful 
difference. Consequently, the sample size calculation for testing the 
hypothesis of the superiority of resveratrol treatment over 
nontreatment, with a certain degree of power, was conducted.

Since the total ADAS-Cog score at baseline is expected to correlate 
with the change in total score, between-group comparisons will be made 
via the analysis of covariance using the total ADAS-Cog score at baseline 
as the covariate when analyzing the primary endpoint. Under this 
assumption, the minimum number is 45 subjects per group based on the 
number of subjects required for a two-sided significance level of 5% and 
80% power. However, since point estimates of correlation coefficients 
assessed by the limited available data are difficult to refer to, 
we conservatively assumed that there was no correlation.

Considering the basis for the above calculation and the difference 
between the dose in the resveratrol group in the REVAMP trial and 
the dose in the resveratrol group in the preliminary study, the actual 
power in the REVAMP trial is expected to be sufficiently higher than 
assumed. Therefore, we  will recruit 100 patients (50 patients per 
group), considering a dropout rate of 10%. A press release notifying 
about start of the REVAMP trial at NCVC was issued on the website 
of NCVC to reach the target sample size.

2.12 Data collection

Web-based electronic data capture system with secure and 
restricted access will be used to collect clinical data obtained from 
patient medical records. Geographic data, medical history, medication 
information, laboratory data, and findings of neuropsychological tests 
and carotid ultrasonography will be stored in the system. Data will 
only be de-identified for analysis after this study. Shido Co., Ltd., a 
contract research organization, assigned to data management will 
perform quality control at each step of data handling to ensure the 

reliability of all data related to the trial, and maintain the web-based 
electronic data capture system.

2.13 Data monitoring

The individuals assigned to data monitoring will be responsible 
for safeguarding the interests of trial participants, evaluating the safety 
and efficacy of the interventions throughout the trial, and monitoring 
the overall conduct of the trial. A formal data monitoring committee 
will not be set up because (a) it is known that long-term resveratrol 
administration has minimal risks (19, 20); (b) asymptomatic CASO is 
not a life-threatening disease; (c) interim analysis will not be planned; 
and (d) vulnerable participants such as pediatric patients, patients 
with severe mental retardation and severely demented patients who 
fail to undergo neuropsychological examinations will not be included.

2.14 Statistical analysis

We will analyze a full analysis set (FAS), which is defined as data 
obtained from registered patients who will receive at least some of the 
assigned treatment and complete at least one assessment at the end of 
the 35 weeks. However, patients found to be  ineligible after the 
registration will be excluded from the full analysis set. For the primary 
objective, the changes in total ADAS-Cog scores from the baseline to 
35 weeks after starting protocol treatment will be  tested using the 
analysis of covariance with covariates including the baseline 
ADAS-Cog total score, the existence of left CASO, and sex to assess 
the improvement in cognitive function brought about by the 
treatments In addition, the same analysis will be also performed on 
the per protocol set (PPS) as a supplementary analysis to confirm the 
robustness of the main analysis using the FAS. The PPS will not 
include the following categories of participants: (a) patients who will 
receive the prohibited concomitant care and interventions as outlined 
in the section 2.8 Intervention; (b) patients who will not attend visits 
at 35 weeks within the specified allowance; and (c) less than 75% of 
medication adherence. The REVAMP trial will judge the efficacy of 
resveratrol using these analyses. Changes in CBF, CMRO2, and OEF 
assessed by 15O–gas PET, white matter volume on brain magnetic 
resonance imaging and blood pressure from the baseline to 35 weeks 
will be also analyzed with the same procedure as the primary objective.

Changes from the baseline within a group will be analyzed using 
paired t-test or Wilcoxon signed-rank test, taking into account the data 
distribution, which Shapiro–Wilk test will be used to assess. Regarding 
other evaluation items, for continuous variables, the changes from 
baseline at each follow-up point will be evaluated using either paired 
t-test or Wilcoxon signed-rank test based on the data distribution. 
Comparisons do not take multiplicity into account. Student’s t-test or 
Wilcoxon rank-sum test will be used to evaluate the difference between 
the two groups based on the data distribution. For categorical variables, 
Fisher’s exact or χ2 test will be  used. All reported p-values will 
be two-tailed, and p < 0.05 will be considered statistically significant.

2.15 Exploratory analysis

An exploratory analysis will be conducted to assess the following 
issues: (a) temporal changes in plasma NAD+ or the NAD/NADH 
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ratio; (b) temporal changes in blood SIRT1 protein concentration or 
activity; (c) temporal changes in blood eNOS protein concentration; 
(d) associations between plasma resveratrol and its metabolite 
concentrations and cognitive function.

2.16 Safety profile

If an adverse event occurs, the physicians involved in the study 
will treat the patient appropriately in terms of safety and report the 
details of the event. If a severe adverse event occurs, the principal 
investigator must report it to the Director General of the NCVC and 
the NCVC Clinical Research Review Board. If the adverse event is 
caused by protocol treatment, follow-up and best medical treatment 
will be performed. The patient will be compensated for any study-
related injuries by insurance.

3 Discussion

Resveratrol holds promise as a novel treatment for cognitive 
impairment resulting from asymptomatic CASO, with its potential 
mechanisms primarily centered around the restoration of cerebral 
hemodynamic conditions, in which the NAD+/SIRT1/eNOS axis is 
presumed to play a pivotal role. However, it is noteworthy that CEA 
and CAS do not exhibit clear effects on cognition, despite the 
hypothesis that improved cognitive function may be associated with 
enhanced cerebral perfusion (33–36). To date, three mechanisms have 
been suggested to explain cognitive impairment during carotid 
revascularization. First, operative ischemia including subclinical 
cerebral microembolic patterns occurring during revascularization, 
especially in CAS, may worsen neuropsychological function (37). 
Second, intraoperative and postoperative hypoperfusion due to vessel 
clamping or ballooning might induce cognitive impairment (38). 
Third, cognitive deterioration might also contrarily occur in the 
context of cerebral hyperperfusion (38). A meta-analysis (39) has also 
indicated that CAS and CEA do not provide significant improvement 
in patients with cognitive dysfunction. To prevent cognitive decline in 
patients with CASO, it is imperative to ensure cerebrovascular 
integrity while minimizing the risk of perioperative silent 
microembolic cerebral injury and maintaining perioperative 
appropriate cerebral perfusion levels. Additionally, there is currently 
a paucity of evidence supporting the effectiveness of antithrombotic 
drugs in preventing vascular cognitive impairment (40). As of now, 
there is no promising preventive or treatment strategy available for 
addressing CASO-related vascular cognitive impairment.

The successful improvement of cerebrovascular deterioration in 
rodent models through resveratrol treatment was first published in 
2014. Resveratrol demonstrated its ability to rescue neurovascular 
coupling by reducing oxidative stress and enhancing vascular 
endothelial function in 24-month-old mice (41). Subsequently, several 
other in vivo studies performed on rodent CASO models have 
demonstrated that resveratrol exerts pleiotropic effects. These effects 
include the activation of autophagy and the suppression of oxidative 
stress by inhibiting the expression of AKT/mechanistic target of 
rapamycin signaling pathway-related proteins, resulting in the 
reduction of oxidative stress-induced neuronal damage and neuronal 

apoptosis (11). Additionally, resveratrol improves cognitive function 
through the activation of the protein kinase A and cyclic 
AMP-responsive element-binding protein pathway (12), and reduces 
inflammatory responses by downregulating the stimulator of 
interferon genes/TANK-binding kinase 1/interferon regulatory factor 
3 signaling (13). Thus, resveratrol demonstrates these pleiotropic 
effects, in addition to NAD+/SIRT1/eNOS activation, in rodent CASO 
models. Clinically, oral resveratrol supplementation at a dose of 
30 mg/day can improve endothelium-dependent vasodilation, as 
demonstrated by significant increases (approximately 1.5 times) in 
flow-mediated dilation relative to placebo (42). Therefore, resveratrol 
at a dose of at least 30 mg/day can activate systemic eNOS. Furthermore, 
resveratrol oral supplementation was associated with significant 
improvements in cognitive function and CBF (21). Therefore, 
resveratrol oral supplementation at a dose of 30 mg/day would 
be sufficient to modulate cerebrovascular homeostasis.

In the past, resveratrol may have promoted atherosclerosis in 
rabbits with hypercholesterolemia (43). However, resveratrol currently 
has gained increased attention because of its beneficial effects on 
improving metabolism in endothelial and vascular smooth muscle 
cells in many preclinical and clinical studies on atherosclerosis, 
metabolic disease, hypertension, and ischemia (44).

Resveratrol has a short initial half-life (approximately 8–14 min) 
and is extensively metabolized in the body (45). In contrast, the 
serum half-life of resveratrol metabolites was approximately 9.2 h, 
indicating that exposure to the metabolites is much higher than that 
for unchanged resveratrol. Baur and Sinclair suggest that the low 
bioavailability of resveratrol has led to speculation that its 
metabolites may retain some activity (45). In support of this, first, 
resveratrol metabolites are capable of activating SIRT1 (46), which 
is widely expressed in endothelial cells (47), leading to the promotion 
of endothelium-dependent vascular relaxation by activating eNOS 
(48). NO produced by eNOS plays a crucial role in maintaining 
vascular/endothelial integrity. Specifically, NO inhibits RhoA 
activity and protects endothelial barrier function by S-nitrosylation 
of RhoA (Cys16, Cys20, and Cys159) (49). Second, resveratrol has been 
proven to cross BBB (14), which may lead to ameliorate 
neuroinflammation after crossing BBB. Resveratrol metabolites 
demonstrate anti-inflammatory potential by counteracting an 
inflammatory challenge in an in vitro study using U-937 
macrophages as an immune-competent model system (50). 
Furthermore, X-ray structural and computational modeling results 
suggest that resveratrol metabolites also exhibit anti-inflammatory 
effects by inhibiting the activity of cyclooxygenase through binding 
to the active arachidonic acid sites of cyclooxygenase (46). 
Consequently, resveratrol metabolites may contribute to the 
inhibition of neuroinflammation. However, the detailed in vivo 
mechanisms are still limited. These findings may explain why several 
clinical studies using resveratrol have revealed improvements in 
cognitive function and cerebral circulation (9, 18, 21).

In this trial, we will be using resveratrol at a dosage of 150 mg/day. 
Previous randomized controlled trials involving the administration of 
200 mg/day for 26 weeks (43) and 150 mg/day for 14 weeks (18) to 
healthy individuals showed cognitive improvement without any 
adverse events. In contrast, when 500–2000 mg/day of resveratrol was 
administered for 52 weeks to individuals with mild-to-moderate 
Alzheimer’s disease, it did not result in significant cognitive 
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improvement (51). In an open-label trial, 5 out of 24 patients with 
multiple myeloma (20.8%) who received 5,000 mg/day of resveratrol 
for 20 days experienced severe renal failure (52). Therefore, this drug 
has been evaluated in Europe by the European Food Safety Authority, 
which concluded that the 150 mg/day dosage is safe for adults to 
consume (53). Therefore, the recommended daily intake of 150 mg is 
considered to be appropriate.

In conclusion, the results of the REVAMP trial may offer insights 
into novel therapeutic avenues as multitarget neuroprotection may 
lead to improvements in cognitive function alongside enhancements 
in cerebral hemodynamic conditions for patients with 
asymptomatic CASO.
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