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Abstract
Resveratrol is a polyphenol found in many plant foods, and in particularly high concentrations in 
red wine. Epidemiological studies have shown significant reductions in all-cause mortality with 
dietary patterns high in resveratrol, and preclinical research has identified a number of anti-
inflammatory, antioxidant, anti-cancer and cardioprotective mechanisms of resveratrol. 

Resveratrol has been studied in a number of conditions, including Alzheimer’s disease, cognitive 
function, cardiometabolic conditions, osteoporosis, autoimmunity and for cancer prevention. For 
most clinical uses, studies are limited and conflicting results have been observed. The range of 
dosages used in clinical trials has also varied widely and there are some suggestions of a non-
linear dose−response relationship, with high dosages potentially harmful. More clinical research  
is needed for practitioners to base their recommendations on.
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Introduction
Resveratrol is a polyphenol found in a 
number of plant foods, including red grapes 
and its products, blackberries, cacao, 
cranberries, peanuts and pistachios.1 The 
high resveratrol content of red wine is 
thought to, in part, explain the ‘French 
paradox’, that is people in the South of 
France having a low incidence of coronary 
heart disease despite high intakes of 
saturated fat, but also of red wine.2 

Since an article in the journal Science in 
1997 reported anti-cancer properties of 
resveratrol,3 a lot of research has focussed on 
its health effects and relevant mechanisms. 
Epidemiological studies have shown that 
dietary patterns high in resveratrol are 
associated with a significant reduction in 
all-cause mortality; however, findings from 
observational studies regarding specific 
conditions are often inconsistent.4 Preclinical 
research has identified a large number of 
mechanisms by which resveratrol exerts anti-
inflammatory, antioxidant, anti-cancer and 
cardioprotective effects.1,4,5 

Resveratrol is poorly absorbed, and 
bioavailability is generally poor due to its 
rapid conjugation to glucuronic acid and 
sulphates.2 It is thought that red wine is 
the most efficient way to ingest resveratrol, 
although resveratrol content in wine can 
vary widely.1 Dose−response effects with 
resveratrol tend to be non-linear, indicating 
a complex nature of low dietary doses 
versus high pharmacological doses,2 with 
higher dosages potentially increasing the 
risk of adverse effects in patients with 
cardiovascular disease (CVD).6

The aim of this paper is to review the 
evidence from clinical trials for the use of 
resveratrol in clinical practice.

General effects
Antioxidant effects
Many preclinical studies have shown 
that resveratrol has strong antioxidant 
effects through a number of pathways, 
including reducing reactive oxygen and 
nitrogen species, directly scavenging free 
radicals, increasing gene expression of 
the antioxidant glutathione, the antioxidant 
enzymes catalase (CAT) and superoxide 
dismutase (SOD), nuclear factor erythroid-
2-related factor 2 (Nrf2, which regulates 
antioxidant pathways) and phase II 
detoxification enzymes (see image 1).

Anti-inflammatory effects

Resveratrol activates sirtuin 1 (SIRT1), a protein 
that plays an important role in the regulation 
of metabolism and inflammation.2 A clinical 
trial has shown that over 30 days, resveratrol, 
500 mg per day, can increase SIRT1 as much 
as caloric restriction (1000 kcal per day), 
which is known for its beneficial effects on 
inflammation and metabolism.7 However, 
another clinical trial comparing calorie 
reduction with resveratrol did not confirm 
any increase in SIRT1, so more research is 
needed to explore this effect.8

Resveratrol also regulates the production of 
pro- and anti-inflammatory cytokines, such 
as tumour necrosis factor alpha (TNF-α), 
interleukin-1β (IL-1β) and interleukin-6 (IL-6), 
and affects nuclear factor kappa B (NF-ĸB), 
which regulates inflammation and immune 
responses amongst other inflammatory 
mechanisms (see image 2).

Like other phytonutrients, resveratrol protects 
the plant from pathogens, in particular fungi, and 
ultraviolet radiation.1 In preclinical experiments, 
resveratrol has also been shown to have 
immune-modulating properties, including 
modulation of both cellular and humoral immunity 
in the defence against pathogens.4
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Figure 1; Resveratrol promotes the expression and function of nuclear factor-erythroid factor 
2-related factor 2 (Nrf2), a redox-sensing transcriptional activator of antioxidant genes and 
detoxification enzymes. Under homeostatic conditions, the Nrf2 transcription factor is restrained in 
the cytosol by Kelch-like ECH-associating protein 1 (Keap1). In the presence of oxidative, chemical, 
or electrophilic stress, Nrf2 translocates to the nucleus and heterodimerizes with Maf proteins to 
bind antioxidant response elements (AREs) in the promoters of genes encoding antioxidant proteins, 
phase II detoxification enzymes and glutathione biosynthetic enzymes. Target genes involved in 
cellular defenses include glutathione sulfotransferases (GSTs), catalase (CAT), superoxide dismutase 2 
(SOD2) and NAD(P)H quinone dehydrogenase 1 (NQO1).  
Image credit: Kelly Heim, Ph.D. Created with BioRender.com.

Figure 1: Activation of Nrf2 Signaling by Resveratrol
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Figure 2: Inhibition of NFκB Signaling by Resveratrol

Figure 2; Resveratrol enhances cellular defenses against oxidative stress and inflammation by 
inhibiting nuclear factor kappa B (NFκB), a dimeric transcription factor that drives pro-inflammatory 
gene expression. Under basal circumstances, inactive NFκB is sequestered in the cytosol as part 
of the IκB kinase complex. Oxidative stress and immunological stimuli, such as pro-inflammatory 
cytokines (e.g., TNFα) and bacterial toxins, are perceived at the membrane via receptors 
that engage signal transduction and IκBα phosphorylation (yellow circles). Phosphorylated 
IκBα is then tagged with ubiquitin (Ub) for proteasomal degradation.  This liberates NFκB to 
translocate to the nucleus, where it binds to DNA response elements (K-boxes) located in the 
promoters of target genes.  DNA binding recruits the transcriptional machinery (not shown) and 
subsequent transcription of pro-inflammatory target genes, which include TNFα, interleukin (IL)-
6, cyclooxygenase 2 (COX-2), and matrix metalloproteinases (MMPs).  Resveratrol inhibits the 
phosphorylation of IκBα and nuclear translocation of NFκB.  
Image credit:  Kelly Heim, Ph.D. Created with BioRender.com. 
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Clinical uses
Alzheimer’s disease
Worldwide, it is estimated that 50 million  
people live with dementia, of which 60−70% 
have Alzheimer‘s disease (AD), the most 
common form of dementia.9 It is characterised 
by memory loss and cognitive impairment, and 
the main histopathological features of AD are 
amyloid-β (Aβ) plaques.10 Caloric restriction is 
thought to prevent or delay onset of AD, possibly 
through activation of SIRT1.11 As resveratrol also 
activates SIRT1, it has been studied in animal 
models of AD with promising results.12

One double-blind, placebo-controlled study 
of 104 patients with mild-to-moderate AD 
found statistically significant favourable 
effects on the biomarker Aβ40 in both 
blood and cerebrospinal fluid, but not on tau 
protein (another AD biomarker).13 The study 
was too small to detect significant clinical 
improvements. Interestingly, brain volume 
decreased more in patients on resveratrol 
than placebo, which the authors hypothesised 
may be due to reduced inflammation-related 
swelling. A retrospective follow-up study, using 
frozen samples from a subset of patients with 
AD confirmed by biomarkers at baseline (19 in 
the resveratrol and 19 in the placebo group), 
found significant changes in a number of 
cytokines and other biomarkers, suggesting 
resveratrol modulates neuro-inflammation 
and may improve the integrity of the blood−
brain barrier.12 Clinical improvements were 
also seen in this subset of patients. The dose 
of resveratrol was increased gradually from 
500 mg to 2000 mg per day, and the study 
duration was 1 year.

Another small randomised-controlled trial 
(RCT), looking at clinical outcomes, found that 
patients with AD on resveratrol deteriorated 
less than those on placebo over the course 
of the 1-year study, but this failed to reach 
statistical significance.10 This study used a 
much lower dose, 10 mg per day.

Clinical evidence for the use of resveratrol 
in AD is limited and, whilst some benefits on 
biomarkers have been observed, data on 
effects on clinical symptoms are too limited 
to reach a firm conclusion regarding the use 
of resveratrol in AD. It is important to bear in 
mind that AD is a very complex condition and 
that resveratrol may work best as part of a 
multi-faceted approach,14 although there is no 
evidence for this from clinical trials.

Autoimmune diseases
Autoimmune diseases are a leading cause 
of morbidity and mortality, and have been 
increasing over the past decades.15 Treatment 
options are often limited and associated with 
severe side-effects. The underlying cause of 
autoimmunity is an imbalanced immune system 
that has lost the ability to distinguish self from 
non-self, leading to local or systemic immune 
responses and inflammation.16 Whilst in vitro 
and animal studies have shown promise in 
a number of autoimmune diseases, human 
clinical trials are scarce.

One double-blind, placebo-controlled trial 
looked at resveratrol, 500 mg per day for 6 
weeks, in patients with active mild to moderate 
ulcerative colitis (UC), and found significant 
improvements in disease activity, quality of 
life, oxidative stress and inflammatory markers 
compared with placebo.16,17 Another study in 
UC is currently ongoing.18

Another RCT compared resveratrol, 
1000 mg per day for 3 months, alongside 
conventional treatment with conventional 
treatment alone in patients with rheumatoid 
arthritis (RA).19 Patients receiving resveratrol 
had a significant reduction in joint swelling 
and tenderness, disease activity score and 
inflammatory markers compared with those 
on standard treatment alone. Out of the 
50 patients who received resveratrol, 41 
showed a significant improvement, whilst 
nine were considered non-responders 
whose improvement in disease activity 
score did not reach statistical significance.
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Whilst these two studies are promising for 
the use of resveratrol in patients with UC and 
RA, as well as potentially other autoimmune 
conditions, due to the scarcity of data it is 
difficult to make recommendations regarding 
dose or duration of supplementation.

Both RA and UC are associated with 
inflammation and increased oxidative stress, 
and the above studies suggest that the 
antioxidant and anti-inflammatory effects of 
resveratrol mediate its benefits at least in 
part. A small randomised pilot study in healthy 
volunteers also showed that resveratrol, 500 
mg per day for 4 weeks, not only decreased 
anti-inflammatory markers and increased 
antioxidant status compared with controls, but 
also shifted the balance of T-cells (which are out 
of balance in autoimmunity) in a favourable way.20 

Bone health
Osteoporosis is defined as low bone density 
(adjusted by age) and is an important risk 
factor for fractures, which can cause significant 
morbidity and mortality, especially in the 
elderly. In the USA, almost a quarter of women 
and over 5% of men over the age of 65 
years have osteoporosis.21 As there are no 
symptoms until fractures occur, it is often called 
a ‘silent epidemic’. Resveratrol has shown 
promising results in preclinical research, and 
an emerging body of human clinical research 
corroborates such findings.22

A 2019 meta-analysis of six RCTs on bone 
biomarkers found that resveratrol significantly 
increased serum and bone alkaline phosphatase 
(biomarkers for bone formation).23 Except for one 
study in healthy elderly people, all trials were 
run in patients with metabolic syndrome (metS) 
or type 2 diabetes mellitus (T2DM). Dosages 
ranged from 150 mg to 1500 mg resveratrol per 
day for 4−24 weeks, with dosages of 1000 mg or 
above showing better results. 

Another study in 193 patients with T2DM 
showed improvements in whole-body bone 
mineral density (BMD), bone mineral content 

and T-score (a measure of bone density 
relative to a 30-year-old person) after 6 
months in those on 500 mg resveratrol per 
day.24 A study, involving 194 postmenopausal 
women, also found significant improvements 
of BMD in the lumbar spine and neck of the 
femur as well as a reduction in C-terminal 
telopeptide type-1 collagen levels (a bone 
resorption marker), but not in whole-body 
BMD, after 12 months of supplementation with 
resveratrol, 150 mg per day.22 In both studies, 
improvements were greater in those patients 
whose baseline status was worse.

In view of the wide range of dosages used in 
clinical trials, an optimal dose is uncertain and 
may to some extent depend on the patient 
population, for example, patients with T2DM  
or postmenopausal women.

A number of mechanisms are thought to 
play a role in the bone-protective effects of 
resveratrol. Resveratrol is thought to reduce 
the activity of osteoclasts (cells that break 
down bone) through its oestrogenic effects 
and possibly also through NF-ĸB-mediated 
pathways, whilst also inhibiting adipogenesis 
(formation of fat cells) to favour the formation 
of osteoblasts (the cells that build new bone) 
through SIRT1-related pathways.22,24  

Cancer
By modulating various cancer-related 
pathways and gene expression, resveratrol 
exerts a number of anti-cancer effects, 
including inhibition of cancer cell growth 
and proliferation, induction of apoptosis 
(programmed cell death that is abnormal in 
cancerous cells), promotion of anti-tumour 
immune responses, and prevention of 
migration and invasion of cancer cells.4 Whilst 
preclinical research is promising, data from 
human trials are scarce.

One RCT in 112 men with prostate cancer, 
using pulverised muscadine grape skin,  
500 mg or 4000 mg per day (providing  
4 µg resveratrol per 500 mg) versus placebo 



Review 
Resveratrol: A Review of Clinical Use and Efficacy 

43

for 4 months, found no overall effect of the 
supplement on doubling time of prostate-
specific antigen (PSA; a prostate cancer 
marker).25 However, a subgroup of patients 
with a particular genetic polymorphism in 
the gene for SOD appeared to benefit with 
a reduction in PSA doubling time. Another 
study looked at the effect of resveratrol 
supplementation on hormone and PSA 
levels in men with metS, and found a 
lowering of testosterone precursors, but 
not PSA, testosterone, free testosterone 
and dihydrotestosterone.26 The dose used 
was 1000 mg resveratrol per day for 4 
months. The authors therefore concluded 
that resveratrol was of no benefit in benign 
prostate hyperplasia (enlarged prostate, 
which is not thought to increase the risk of 
developing prostate cancer).

Three small pilot, pharmacokinetic and 
safety studies on resveratrol in colorectal 
cancer found improvements in some 
biomarkers: cleaved caspase-3 (a marker 
of apoptosis) in metastases,27 Wnt pathways 
(signal transduction pathways involved in 
carcinogenesis) in healthy but not cancerous 
colon cells,28 and reduced tumour cell 
proliferation.29 Dosages ranged from 80 mg 
to 5000 mg resveratrol per day for 8−21 days. 
Two studies observed no adverse events 
(AEs),28,29 whilst in the third several mild AEs 
were seen, mostly of a digestive nature.27

One RCT in 39 women at increased risk of 
breast cancer suggested a preventative 
effect of resveratrol, 5 mg or 50 mg per 
day for 12 weeks.30 There was no overall 
improvement in biomarkers in the resveratrol 
versus the placebo group. However, serum 
levels of resveratrol and its metabolites 
varied significantly between individuals, and 
there was an association between higher 
serum levels and decreased methylation 
of a cancer-related gene, RASSF-1a, which 
correlated with a decrease in prostaglandin 
E2, an inflammatory mediator that promotes 
cancer. These results, and those of the 

Paller et al. study in prostate cancer mentioned 
above,25 suggest that there are significant 
inter-individual differences in the response to 
resveratrol, possibly due to gene polymorphisms.

One small study with 24 patients with 
multiple myeloma was terminated early as 
five patients went into renal failure.31 The 
dose of resveratrol was 5000 mg per day. 
The authors state that this AE appears to be 
specific to patients with multiple myeloma, 
who are at particular risk, with renal 
impairment occurring in 50% of patients.

Overall, there is promising research in the field 
of cancer, but at present insufficient evidence 
to make any particular recommendations.

Heart disease and cardiovascular risk 
factors
Cardiovascular disease is a general term for 
diseases that affect the heart and blood vessels, 
and is the leading cause of death in the USA, 
being responsible for one in four deaths.32 Risk 
factors include hypertension, abnormal blood 
lipids, smoking and poor diet. Inflammation 
and oxidative stress play important roles in the 
development of CVD, so the antioxidant and 
anti-inflammatory effects of resveratrol should be 
of benefit in the prevention and/or management 
of CVD. As mentioned above, attention to the 
potential cardioprotective effects of resveratrol 
came through the observation of the ‘French 
paradox’, the low rates of heart disease in areas 
with high consumption of red wine, a rich dietary 
source of resveratrol.2 

More than 20 clinical studies have evaluated 
the effectiveness of resveratrol on a number 
of cardiovascular risk factors, with inconsistent 
results. A recent meta-analysis of 17 studies 
involving 651 subjects found statistically 
significant benefits of resveratrol in improving 
the homeostatic model assessment for insulin 
resistance (HOMA-IR), LDL- and total cholesterol, 
but not any other cardiometabolic biomarkers, 
including blood pressure and other blood lipids 
and markers of glycaemic control.33 
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A meta-analysis of 17 studies evaluating 
hypertension found no overall benefit of 
resveratrol, but a subgroup of patients with 
diabetes receiving dosages over 300 mg per 
day showed a significant reduction in blood 
pressure.34 Another meta-analysis of 20 studies 
focussed on blood lipids and found no benefit 
of resveratrol.35 Similarly, a 2015 meta-analysis of 
10 studies found no effect on C-reactive protein 
(CRP; a marker of inflammation), blood lipids, 
glucose or blood pressure.36 

Looking at the individual studies used in the 
meta-analyses shows that there is significant 
inconsistency between trial outcomes, with some 
showing benefits, some nil effects and some 
even a worsening.35,37 

A few more recent trials, not included in 
the above meta-analyses, on the whole 
showed promising results, with improvements 
in clinical features in patients with heart 
failure,38 glycaemic control and high-density 
lipoprotein (HDL) cholesterol in patients with 
T2DM,39,40 oxidative stress and antioxidant 
status in patients with T2DM,39 atherosclerosis 
biomarkers in patients with T2DM,40 and 
echocardiography and 24-h electrocardiogram 
outcomes in patients with coronary heart 
disease.40 Studies used between 100 mg and 
1000 mg resveratrol per day for 1−3 months. 

One study found a non-significant 
improvement in a number of biomarkers with 
300 mg resveratrol per day, but a worsening 
with 1000 mg per day over 3 months.6 

The reasons for these contradictory results are 
unclear and appear to be unrelated to dosage. 
Dosages used in clinical trials have varied 
widely, from 10 mg per day to 1000 mg per 
day, and durations from 14 days to 1 year.

Overall, there appears to be a benefit of 
resveratrol in improving CVD risk factors, 
although evidence from clinical trials remains 
inconclusive with regards to dosages and 
duration as well as which populations may 
benefit most and for which risk factors.

Cognitive function 
In animal experiments, resveratrol has been 
found to be neuroprotective, and to improve 
cognition and brain function.41

However, two recent reviews and meta-
analyses of nine and 11 human RCTs, 
respectively, have only found small 
improvements that were not statistically 
significant, except for one outcome measure, 
delayed recognition, for which there was 
a statistically significant improvement.41,42 
Looking at the studies individually, five 
found some benefits in terms of improved 
memory and psychomotor speed. Different 
assessments and outcome measures were 
used across the studies. Dosages ranged from 
75 mg to 1000 mg resveratrol per day or grape 
powder/juice, whilst duration ranged from 2 
weeks to 6 months, and two studies evaluated 
acute effects in 1-day trials. There did not 
appear to be a connection between dose or 
duration of treatment and results.

In 2020, the results of a 24-month double-
blind, placebo-controlled crossover trial were 
published.43,44 One-hundred and twenty-
nine postmenopausal women took either 
75 mg resveratrol or placebo twice a day 
for 12 months, and then crossed over to the 
other treatment. A statistically significant 
33% improvement in overall cognitive 
function was observed, with women over 65 
years benefitting more in verbal memory, a 
decline of which can be an early sign of AD. 
Significant improvements were also seen in 
cerebrovascular function and insulin sensitivity, 
and no apparent side-effects were noted. The 
authors of this study conclude that the benefits 
may be partly mediated through endothelium-
dependent cerebrovascular function, which 
declines with oestrogen deficiency and age. 
Resveratrol may act through various pathways 
including SIRT1 and oestrogen receptors to 
increase endothelial nitric oxide.44

Although results from clinical trials are 
mixed, longer-term supplementation 
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of 12 months, with relatively low-dose 
resveratrol, for example 150 mg per day, may 
provide benefits in terms of cognitive and 
cerebrovascular function. 

Diabetes and metabolic syndrome
There has been a significant increase in 
T2DM over the past decades, and it was 
estimated that in 2018, 13% of all US adults 
had diabetes, 90−95% of these having T2DM, 
and over a fifth not being aware that they 
had the disease. Based on measurements of 
glycosylated haemoglobin (HbA1c; a longer-
term measure of glycaemic control), it was 
estimated that a further third of all US adults 
were prediabetic.45,46 Diabetes significantly 
increases the risk of CVD and can also lead 
to a number of complications, including 
kidney disease, eye-related problems, 
neuropathy and leg ulcers.

Metabolic syndrome (metS) is not a disease 
as such but a cluster of cardiovascular risk 
factors and is closely related to T2DM. It 
is defined as having at least three out of 
the five following markers: elevated waist 
circumference (WC); elevated triglycerides; 
low HDL-cholesterol; elevated blood 
pressure; and elevated fasting glucose.47

Oxidative stress and inflammation play 
important roles in both the development of 
T2DM as well as its complications, therefore 
reducing oxidative stress and inflammation 
can be beneficial.

There are over 30 human clinical trials 
looking at resveratrol in T2DM or metS 
and related disorders (which would include 
T2DM), with inconsistent results.

Four meta-analyses looked specifically 
at T2DM. One meta-analysis found that 
resveratrol improved fasting glucose and 
insulin, HOMA-IR and blood pressure, but 
not HbA1c, LDL- and HDL-cholesterol.48 
Another meta-analysis in T2DM found that 
resveratrol improved triglyceride levels, but 
also led to an increase in LDL- and total 

cholesterol in some patient groups.49 One 
meta-analysis looked specifically at levels 
of CRP (a marker of inflammation) in type 2 
diabetics and found benefits after at least 
12 weeks of resveratrol supplementation.50 
A Cochrane review and meta-analysis in 
2020 came to the conclusion that: “The 
limited available research does not provide 
sufficient evidence to support any effect, 
beneficial or adverse, of 4−5 weeks of 10 
mg to 1000 mg of resveratrol in adults with 
T2DM”.51 However, this review only included 
three studies, compared with six−10 RCTs 
included in the other meta-analyses.

Benefits of resveratrol in T2DM have 
been reported with regards to improved 
bone health with 500 mg per day for 6 
months,24 and healing of diabetic ulcers 
with 100 mg per day for 60 days.52 Acute 
supplementation of a single dose of 75 mg 
resveratrol has been shown to improve 
cerebrovascular function, neurovascular 
coupling (the neuronal regulation of blood 
flow to the brain) and cognitive function in 
patients with T2DM, although longer-term 
studies in this area are lacking.53,54

Only one small pilot study looked into 
benefits for type 1 diabetes mellitus (T1DM).55 
In this open, uncontrolled trial, 13 patients 
with T1DM received 1000 mg resveratrol for 
8 weeks. Significant improvements in fasting 
glucose and HbA1c, but not other markers of 
glycaemic control, kidney or liver function, 
were seen. There was also a significant 
improvement in markers of oxidative stress 
but not inflammation.

More reviews and meta-analyses looked 
into the effects of resveratrol in patients with 
metS and related disorders, which include 
T2DM. A 2021 meta-analysis of 30 studies, 
involving 1651 participants, found significant 
improvements in glucose and insulin, whilst 
results for HOMA-IR failed to reach statistical 
significance.56 Significant improvements in 
HbA1c were seen only with supplementation 
for more than 3 months in this meta-analysis, 
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which would be expected in view of the fact 
that HbA1c reflects glycaemic control over 
the previous 2−3 months. Subgroup analysis 
showed that these improvements were 
limited to patients with T2DM. 

A meta-analysis of 31 studies, with 1722 
participants, looked at blood lipids and liver 
enzymes in patients with metS and related 
disorders.57 Whilst there was a significant 
decrease in total cholesterol, there were no 
changes in LDL- or HDL-cholesterol and, 
whilst two out of three liver enzymes remained 
unchanged, one actually increased. A meta-
analysis of 10 studies involving 296 patients 
with metS found significant favourable effects 
on glucose and WC with more than 500 mg 
resveratrol per day taken for longer than 
10 weeks, but no effect on blood lipids or 
weight.58 Another meta-analysis looked at 
blood pressure (28 studies, 1748 subjects) 
and endothelial function (six studies only), 
and found no changes in blood pressure 
but significant improvements in endothelial 
function.59 A meta-analysis of 24 studies 
(1112 patients) looking at oxidative stress and 
inflammatory markers in patients with metS and 
related disorders found significant decreases 
in CRP and TNF-α, but not SOD or IL-6.60

Overall, whilst not all individual studies report 
benefits, the results are promising for the use 
of resveratrol in T2DM and metS. Dosages in 
the clinical trials ranged from 8 mg to 3000 mg 
per day, for durations of 1 week to 1 year. Whilst 
longer duration appears to be more beneficial, 
the heterogeneity of the results does not allow 
at this point to suggest a dose. 

The reason for the differing results is unclear 
and may be due to so far unknown genetic 
factors. One study looked at a single-nucleotide 
polymorphism (SNP; a genetic variation of 
one gene) for SIRT1 in diabetics and found 
that, whilst the SNP resulted in a lowered 
level of SIRT1 expression following resveratrol 
supplementation, it did not have any significant 
effect on any biochemical markers.61 

One small double-blind pilot study of 28 
obese men with metS found that resveratrol, 
2000 mg per day for 30 days, led to a 
significant improvement in insulin sensitivity 
and glucose homeostasis in Caucasians, 
whereas no effects were seen in non-
Caucasians, an observation that was not 
explained by plasma levels of resveratrol or 
its metabolites.62 This study also evaluated 
changes in the microbiome and found that 
resveratrol led to a significant change in 
microbiome balance that differed between 
Caucasians and non-Caucasians, with the 
former having an increase in Akkermansia 
muciniphila, a bacterium that has been 
associated with a lower risk of obesity, 
diabetes and low-grade inflammation.62 
These results suggest that the microbiome 
composition and/or racial background may 
affect whether or not resveratrol exerts 
benefits in the individual.

The antioxidant and anti-inflammatory effects 
of resveratrol are thought to mediate its 
potential benefits in T2DM.50 Improvements 
in insulin signalling (through a signalling 
pathway called Akt) have been observed.63 
Another study found that resveratrol 
upregulated SIRT1 and AMP-activated protein 
kinase (AMPK), an enzyme that improves 
insulin sensitivity by upregulating glucose 
transporter type 4 (GLUT4; which transports 
glucose into cells (see figure 3). This study 
also observed that whilst activity levels went 
down in the resveratrol group, their energy 
expenditure/basal metabolic rate went up, 
compared with the placebo group, although 
there were no differences in markers of 
glycaemic control, suggesting that resveratrol 
may have an exercise-mimetic effect in 
patients with T2DM. Finally, the study by 
Walker et al. looking at the microbiome, 
mentioned above, suggests that resveratrol 
may exert beneficial effects through affecting 
favourable changes of the microbiome.62
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Non-alcoholic fatty liver disease 
Non-alcoholic fatty liver disease (NAFLD) 
is characterised by a build-up of fat within 
liver cells, and risk factors include obesity/
overweight, metS and T2DM. NAFLD is the 
most common liver disease in the USA, 
affecting an estimated 24% of adults, and 
1.5−6.5% of adults are thought to have non-
alcoholic steatohepatitis (NASH).65 The 
equivalent numbers in the UK are 20−30% for 
NAFLD and 2−3% for NASH.66

A number of clinical trials have evaluated the 
potential benefits of resveratrol in NAFLD. 
A meta-analysis including six studies and 
266 patients with NAFLD found significant 
decreases in the inflammatory markers

TNF-α and high-sensitivity CRP (hsCRP), 
but no significant changes in blood lipids, 
anthropometric data, glycaemic control or 
liver function tests.67 Another meta-analysis 
that looked only at the two liver enzymes 
alanine transaminase (ALT) and aspartate 
aminotransferase (AST), involving five studies 
and 216 patients, found benefits in specific 
subgroups, people under the age of 45 
years and those who are not obese.68 This 
study also found favourable effects with 
dosages under 1000 mg resveratrol per 
day for longer than 12 weeks. In both meta-
analyses, dosages used ranged between 
300 mg and 3000 mg resveratrol per day for 
8−24 weeks.

Figure 3: Resveratrol enhances insulin-mediated glucose disposal via the AMPK/SIRT1 Axis

Figure 3; Resveratrol enhances insulin-stimulated glucose transporter (GLUT4) localization to the cell 
membrane by activating AMP kinase (AMPK), sirtuin 1 (SIRT1) and PPAR-gamma coactivator 1 alpha 
(PGC-1α).  This pathway induces mitochondrial biogenesis, which improves in insulin sensitivity in 
skeletal muscle.  Image credit:  Kelly Heim, Ph.D. Created with BioRender.com. 
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Looking at the individual studies, it appears 
that those using a daily dose of 300 
mg or 500 mg for 3 months found more 
benefits, in particular with regards to ALT 
and inflammatory markers,69,70 than those 
using higher dosages, where there were no 
consistent improvements.8,71,72,73

Overall, the evidence suggests that lower 
dosages of resveratrol (300−500 mg 
per day) may be of benefit for patients 
with NAFLD with regards to reducing 
inflammation and the liver enzyme ALT, 
although other biomarkers, including those 
for glycaemic control, blood lipids and 
anthropometric measures, do not appear to 
respond to resveratrol supplementation in 
this patient group.

Proposed mechanisms by which resveratrol 
may ameliorate NAFLD are its ability to 
upregulate SIRT1, which has been shown 
to increase insulin sensitivity and decrease 
inflammation, and AMPK, which is thought to 
have a positive effect on lipid metabolism.64 

Obesity
Obesity is an important risk factor for a number 
of conditions, including CVD, T2DM and 
some cancers, and as such is a major public 
health issue.74 In 2017−2018, the prevalence of 
obesity, defined as a body mass index (BMI) of 
30 kg m−2 and over, in adults in the USA was 
42.4%, and 9.2% were severely obese (BMI > 
40 kg m−2).75 Obesity is associated with chronic 
low-grade inflammation, and adipose (fat) 
tissue secretes adipokines, compounds such 
as adiponectin and leptin, which are involved 
in the regulation of many metabolic processes 
as well as eating behaviour.76 Resveratrol 
has been studied for metabolic health in 
overweight and obese patients.

A 2021 meta-analysis of 19 studies showed 
no benefit of resveratrol on weight or BMI, 
but a small decrease in WC.77 Looking at the 
individual studies, only three of them showed 
benefits either on their own or together with 

the weight loss drug Orlistat. A 2019 meta-
analysis of 28 trials found statistically significant 
reductions in BMI, weight and WC, although 
effect sizes were small, −0.17 kg m−2, −0.51 kg 
and 0.79 cm, respectively.78 Yet another meta-
analysis of 36 studies also found statistically 
significant reductions in weight, BMI and WC, 
but effect sizes were even smaller.79 Across 
all the studies, resveratrol dose ranged from 
8 mg to 3000 mg per day, for 1 week to 1 year. 
Smaller dosages (less than 200 mg79 or 500 
mg78) appeared to be more effective, duration 
had to be at least 12 weeks to see effects, and 
people with obesity and/or T2DM were more 
likely to see benefits.78,79

Whilst one of the above meta-analyses 
found no effect of resveratrol on adiponectin 
or leptin,79 another meta-analysis looking 
specifically at adipokines found a statistically 
significant effect on adiponectin but not leptin.76 

Whilst results from clinical trials are mixed, 
resveratrol does not appear to have a clinically 
significant effect on weight loss.

As for possible mechanisms for resveratrol in 
weight loss, one study found that resveratrol 
may increase basic metabolic rate/energy 
expenditure.64 This has also been observed in 
animal studies.79 One small study looked at the 
effect of resveratrol on growth hormones (GHs) 
in obese men, but found no effect on circulating 
levels of insulin-like growth hormone-1 (IGH-
1) or GH signalling in human muscle and 
fat cells.80 Another small mechanistic study 
looked at adipose tissue morphology and 
gene expression in obese men, and saw a 
significantly decreased size of fat cells and an 
upregulation of various genes, including some 
involved in cellular lipid metabolism.81

Safety
A 2014 review on metabolic, biological and 
potential toxic effects of resveratrol reported 
in clinical trials concluded that resveratrol is 
generally well tolerated, and that with a daily 
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dose of 500 mg or with durations of less 
than 1 month no AEs have been observed.82 
With higher dosages some AEs were 
reported, which were generally mild and 
transient, and most commonly affected 
the digestive system, including diarrhoea, 
abdominal pain, nausea and flatulence. 
At a very high dose (5000 mg per day 
for 2 weeks), chills, lethargy, rash, skin 
irritation and vascular flushing have been 
observed, in addition to gastrointestinal 
side-effects, in patients with metastatic 
colorectal cancer.27 In patients undergoing 
peritoneal dialysis, receiving either 150 mg 
or 450 mg resveratrol per day for 12 weeks, 
constipation, headache, muscle cramps, 
fatigue and memory loss have been reported, 
which led to discontinuation of resveratrol in 
four patients, although the authors did not 
state whether they considered these AEs 
as related to resveratrol or which dose they 
appeared with.83

One serious AE of fever and low white 
blood cell count occurred in a patient with 
NAFLD after taking 1500 mg per day for 
10 days and recurred on rechallenge.71 As 
mentioned above under cancer, five cases 
of kidney failure have been seen in patients 
with multiple myeloma following the use 
of resveratrol, 5000 mg per day, but this 
serious side-effect is thought to be specific 
to this patient population.31 

Shaito et al. discuss possible harmful 
effects in their 2020 review, and suggest 
that resveratrol may have a biphasic effect 
on cellular redox status (the balance 
between pro- and antioxidants), exerting 
antioxidant effects at low and pro-oxidant 
effects with high dosages, at least in in vitro 
and animal experiments.84 This has in fact 
been observed in some studies, where low 
dosages had better outcomes than higher 
ones, and can be explained with the concept 
of hormesis, where a beneficial effect is 
caused by exposure to low doses of an 
agent known to be toxic at higher doses.

Drug and disease interactions
At a dose of 1000 mg per day or more, 
resveratrol was reported to inhibit some 
cytochrome P450 isoenzymes, including 
CYP3A4, CYP2C9 and CYP2D6, while 
activating CYP1A, which may lead to 
interactions with many drugs that are 
metabolised through these enzymes.84,85

Resveratrol is thought to have anti-platelet 
effects, and should therefore be used with 
caution in people with bleeding disorders or 
on blood-thinning medication.85 

Pregnancy, breastfeeding  
and children
Resveratrol is considered to be safe in children, 
and pregnant and breastfeeding women in 
amounts typically found in foods.85 There are no 
clinical trials investigating oral supplementation 
with resveratrol in these populations. 

Conclusions
At present, the evidence base for the use of 
resveratrol in clinical practice is limited, and 
more research is needed to inform the choice 
of doses and patient populations that may 
benefit most. Human clinical research suggests 
good potential for resveratrol for bone health, 
limited but promising evidence for its use in 
AD, autoimmune disease (UC, RA) and cancer 
prevention (breast, colorectal). Evidence is 
mixed/contradictory, but overall promising for 
CVD, cognitive function, NAFLD and T2DM/
metS. Generally, resveratrol is considered well 
tolerated and safe for clinical use. 
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